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ABSTRACT

This study considers .the aerody‘namic and siructural dynamic behavior of
traffic signal and luminaire responses to wind induced vibrations. ILoad-
ings considered consist of: dead loads, static wind loads, unsteady random
wind gusts, and vonKai'ma.n steady state wind excitationsg, Dynamic analy-
ses have been performed employing finite element methods and modal analy-
sis te.chnéi.q.ues. Structural modeling principals allow a full six degrees of
freedom at each node point of the structure. Resultant dynamic mode
shapes used in the solutions possess a general three dimensgional set of
deformations (three dis?lacments, three rotations, at each node point).

A total of twelve (12) modes are employed in all dynamic analysis calcu-

lations.

Total structural response stresses are summed and compared vs. a
linear cyclic fatigue damage accumulation criterion, For the three
steel structures considered, wind induced vibrations produce negligible
reduction in service life, As a part of this study, a general computer
program has been developed to predict dynamic stress responses of

signal and luminaires to wind effects,
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1. INTRODUCTION & SUMMARY

. 1.1 Description of Problem

This research study for the California Division of Highways considers the
aerodynamic and structural dyziamic behavior of traffic signal and luminaire
support responses to wind induced vibrations. A computer program has
been developed to automatically evaluate these combined effects upon the

-service life of these structures.

The broad objectives of this study are:

. Development and checkout of an analytic tool for the prediction
of stresses, deflections and dynamic responses of all elements
of the support structure caused by aerodynamically induced forces.

® An assessment of several existing California traffic signal and
'lighting standards for structural design adequacy under wind load-
ings;

° Development of detail background data for preparation of an
improved rational design criteria for traffic signals and lumin-
aire supports.

The need for this stﬁdy results from three factors:

. The present design criteria are largely empirical, and are based
on physical testing, experience and design guidelines furnished
by fabricators.

A static wind load criterion is utilized whereas the
actual wind loading is dynamic.
¢ L One type of luminaire supports in California have failed or ex-
hibited distress due to fatigue produced by wind induced vibrations.
Extensive repairs of cracked tubular ﬁetal columnsg
have been required. Collapse of such a standard would
constitute a distinct safety hazard.
] Longer and more flexible standards and poles are being utilized.
Recent emphasis on highway safety has resulted in increased

setback of signal and luminaire supports from the edge of
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pavement,"‘:-"‘*so that 16nger, more flexible arms are required.
furthermore, a possible substitution of aluminum in lieu of -
steel in future designs will result in more flexible structures.

1.2 Analytic Approach

Design of the majority of existing civil engineering structures for wind

. loadings has been based on equivalent static loading criteria, because

only limited data was available concerning aerodynamic effects. Most of
these structures have been stiff enough to exhibit little coupling with the
aerodynamically applied wind forces. Some notable exceptions have in-
cluded the first Tacoma Narrows Bridge, which leu'.led cétastrophically
when a windstorm @haracterized bry heavy gusts induced intolerable

undulations in the structure.

Recent refinements in design methods, which have produced structures
with increased flexibility and smaller margins of excess strength, have
been paralleled by rapid increases in the understanding of aerodynamic

effects. For these reasons, sound contemporary engineering can and

" should consgider the“:coupled effects of aerodynamics, structural dynamics

"and strength.

The developed ana.lgrsis method of traffic signals and luminaire supports

considers these coupled effects.

The two dynamic fo'fcésr of concern in a wind response study are drag and
vortex shedding. Drag produces a force parallel to the direction of wind
flow, Vortex shedd'in-g produces a force pefpendicular to the direction of
wind flow. The dra\;g force is best represented by a mean force about
which some randomly distributed gust fluctuation occurs. The vortex
shedEling force is best describe.d by a steady state force related to the
mean wind velocity. While this representation of vortex shedding ignores
the unsteady component due to the random variation of wind velocity, it

is as accurate as current state~of~the-art methods of prediction allow,
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The overall approach for the analysis is shown in Figure I-l. The
computer program performs the entire analysis in a single pass. The

starting point for a wind response analysis is to assume a mean wind

velocity, then proceed through all analysis steps to obtain critical

stresses for the three resultant load regimes: static, steady-state dynamic
and random dynamic. Fatigue and useful life assessments may be deter-
mined from these stresses. Thus, for each selected mean wind velocity,
the "consumed' or expended useful life of the structure can be determined
for each unit of time during which this velocity exists, and the total use-
ful life of the structure in a given geographical location ma.y be determined

if the wind velocity characteristics of the location are known.

MECHANICS RESEARCH INC. -3-
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Flow Plan - Computer Program to Evaluate Wind Forces on Traffic Signals
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1.3
I.3.1

Summary of Results

Key Findings

For the three analyzed structures (Traffic Signal and Lighting Standard

Types XXI, XIX, XXVI), reference 2, the following outlines the key find-

ings of this investigation.

1.

I.3.2

All static and dynamic stresses for a typical fifty year period
were found to be less than the endurance limit for carbon steel
(26 ksi). '
RMS random dynamic stresses resulted almost entirely from the
first mode of the structure.

The interaction of the vonKarman vortex shedding forces with
the natural modes of the structure was of a localized nature
since all points of the structure were always loaded at different
frequencies. This was due to the variation in diameter of the
pole and variation of the wind velocity with height.

Conclusions

The vortex shedding stresses calculated in Reference 1l are
rather conservative. The velocity causing excitation of the
vonKarman vortex shedding phenomena is strongly dependent
upon the specific diameter of the section in a tapered system.
Only a slight portion of the body is subjected to a "tuned" steady
state excitation. Hence, the applied generalized force is ‘reason-
ably small,

Dynamic stresses for materials other than steel could be signi-
ficant, The natural frequencies of an aluminum structure would
be 12/3 times the natural frequencies of a similar steel struc-
ture, and the 'randorri and steady state response would increase
as can be seen from the analyses in Sections V. 2 and V. 3.

The design of the analyzed standards is adequate.

MECHANICS RESEARCH INC. -5-
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' '1;." ) .'I . 3.3 Recommendations

| 1. A parametric study uéing the developed computer program to
evaluate the adequacy of present design guidelines for various
materials and various lighting standards.

2. A test program to verify the results and key assumptions of this

analysis.,
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II. STRUCTURE IDEALIZATION AND MODELING

IL.1 Analytic Assumptions

- The response of the traffic signal/luminaire is determined utilizing finite

element stiffness methods of analysis. In this method the pole and arm
elements of the structure are subdivided into discrete uniform beam
"elements''., Each of these beam elements is assumed welghtless, and
all (inertia) and forces are concentrated at ''node' points defining the
ends of the beam elements. Where poles and arms taper. the taper is

approximated by a series of uniform segments, as shown below.

——— — i t—— —— v
T A ta— — i Syt ot e

Actual Tapered Pole

|
!
I
|

Idealized Pole

A right handed global cartesian coordinate system is used tb describe
the structure geometry. The base of the pole, Node 1, is assumed as the
origin. The analysis employs an X1, X2, X3 notation to describe these
three coordinate axes. X3 is aligned with the pole vertical axis and dir-
ected upward from the base. X2 is aligned perpendicular to the plane

of pole and arm., Xl is in the plane of the pole and arm and directed from

the base outward in the direction of the arm tip.
The global coordinate axes are illustrated in Figure II.1.

Local element coordinate axes are employed to describe beam element
end forces., This coordinate system is also illustrated in Figure II.1
for pole and arm members. E.l is tangent to the beam element, directed

from root to tip. %2 and §3 are perpendicular to §1 and each other,

MECHANICS RESEARCH INC. -17-
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gsis always perpendicuiar to the plane of the pole and arm. For the pole,
- : gB

Beam element end forces employ the E coordinate system and end A & B

is opposite to X2; for the arms, §3 iz in the same direction as X2,

designations. Beam end A is closest to the root; end B is closest to tip.

The structure possesses a full six degrees of freedom at each node point.
Translatory inertias (masses) are assigned to each of the three transla-
tory degrees of freedom. Rotational inertias (mass moments of inertia)
are considered only for signs and signals; and these are considered only

for mass moments about axes Xl and X2. Forces are applied and treated

- :
in a similar fashion,
II, 2 Engineering Models
Models of traffic signal and lighting standards, Types XXI (Dwg. ES-17-5), *
XIX {(Dwg. ES-14-5), and XXVI (Dwg. ES-20-l) are shown in Figures II-2,
II-3 and II-4, respectively. The individual nodal coordinates for each
model are shown in Tables II-1, II-2 and II-3 respectively. Tables II-4,
1I-5 and II-6 present a tabulation of individual member propertieé for each

- structure. In this analysis, a modulus of elasticity of E=30 x 106 psi and
Poisson's ratio of v= .3 were used,
* Drawing numbers refer to Reference 2.

W
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Figure II;?. .
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Ea.t;;h node has inertia in the three translational directions (X1, | Xz, X3).

With the exceptibnlof the rotational inertia of signs and signals whose

centers of gravity do not correspond with the centers of gravity of the nodes
they are attached to, no rotational inertia terms have been’included, because
their effects are negligible with the fineneés of the finite element grid used.
Tables 11-7, II-8 and II-9 present the nodal distribution of weight for each
structure. For each structure, Node 1 has been assumed to be fully
restrained in all translational and rotational directions, (i.e., the structure is
cantilevered frorﬁ Node 1; the foundation attachment location). All other

nodes are allowed movement in all directions.
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JOI‘\JT COO—?DINATES (Inches)(See Flﬁure II-l)

— Joint ' X1 - X2 X3
1 0, D 0.
2_ 0. 0. 7.030000F+0]
4 __ 0, 0. 2.110000F+02
S 0, 0. ' 2.813000E+07
AN, ' 0. 3.517000F+02
7 0. 0. 4.220000E+02
2 _AL000000F+01 0. 4,413000E+02
3 1.200000F+02 o0, 4.607000E+02
10 1.R00000F+02 0. 4, R00000F+02
Table II-1

.Node Coordinates
Lighting Standard Type XXI

~JOINT COORDINATES (inches) (See Figure 1I-2)

e Joint, . % S Xe X3
1 0, 0, , 0.
2 0. o 6 4000005+01
3 0. 0. ' 1 280000E+02
e 4 0. O, 2:460000E+02
5 0. 0o ’ 1, 920000E+02
S < T _.0se : 3s000000E+02
T 7. 2000005*01 0. _ 2-2000005?02
8_. 0. Qe 3«340000E+02
9 1.,440000E+02 o0, : 2.4T0000E+02
.10 6.000000E+01 o, g 3.820000E+02
11 2.160000E402 (. . 2+660000E+02
12 1.200000E+02 0., 4.010000E+02
137 2,700000E+02 O 2. 7S0000E+02
14 1,800000E+02 0, 4,110000E402
1S 3.240000E+02 0. 2.780000E+02
_.16 __3.600000E+02 0, 2+780000E+02
Table II-2

Node Coordinates

Traffic Signal and Lighting Standard Type XIX

MECHANICS RESEARCH INC.  .14.
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» ' JOINT COORDINATES (Inches) (See Figure II-3}

Joint - X1 L Xxe X3
i 0. Oe O
b 2 Ll.BOOOOOEﬁOBHWQA_n “__m4.104000Ef02,
3 1.200000E+02 0, 4020000402
4 6,000000E+01 0.  3,828000F+02
5 0 0 6+400000E+01
& 0. _ Qe o 3.540000E+02
7T 0O R ¢ 1.280000E+02
—e 809 0. 2:940000E402
9 0. Q. . " 1.920000E+02
io 06, Qe o 24340000E+02
: 11 1.080000E+02 0, 2+304000E¢02
. 12 1.,080000E+02 0. 2.332000E+02
b ' 13 2,040000£+02 0, 2:544000E+02
e 14 2.040000E+02 0, 2664000E+02 =
. 15 3,000000E+02 0, 24736000E+02
146 3.60000017_?_0_'_2_ 0 .. 2e784000E+02
17 4.330000E%02 0, 2.802000E+02
18 5.0600006+02 0,  2,820000E+02
19 5,400000E+02 70, 2.820000E+02
Table II-3

Node Coordinates
Traffic Signal and Lighting Standard Type XXVI
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IiI. SIMULATED WIND DATA AND FORCES

To evaluate traffic signals and lighting standards for wind force, the

maximum static wind forces (static drag) and two types of dynamic forces,
random dynamic drag and vortex shedding, must be considered. The drag \
forces act in the direction of wind flow on both cylindrical and flat plate

parts of the structure; the vortex shedding loads act in the direction transverse
to the wind flow on the cylindricél parts of the structure. In the following
sections the detailed methods and assumptions used in éalcula.ting the above
types of forces for this sfudy’ are presented. Also, the resultant forces for

each specific traffic signal and lighting standard are shown.

III. 1 Wind Idealization

Since the mean wind velocity variation in the lower most thousand feet of

height above ground level depends mainly on surface friction, the mean wind
profile depends on rouglrness of the terrain, rather than sform conditions.
Refel;ences 3, 4, 5, and 6 recommend the 1/7th power law, which has been used
in this analysis to determine the wind velocity at all elevations of concern,

for highway type terrain. The 1/7th power law is:

N 7 1/7
Z - 30(30)

in which Z is the height above ground, Vg is the wind speed at Z, and V O

the wind speed at 30 ft,

In the fatigue analysis it is necessary to know the number of pccurrences
of extreme wind velocities for the required life of the structure. Figures
III-1 and III-2 show the extreme mile wind velocities of the U.S. at 30 feet

above the ground for a 'two-—yea.r and 50-year mean recurrence interval,

respectively.
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The term, mile wind velocity, 'is defined asg the average velocity of the wind
averaged over the period of time it takes one mile of wind to pass by the wind

speed indicator, , : -

The recurrence interval for other mile wind velocities can be determined
from the extreme mile wind velocities for two-year and 50-year intervals

by use of a F.isher-:'l‘ippett distribution function described in References 3

and 4. - The Fisher-Tippett distribution function is given by: »
: _v _
F(x) = exp ( % ‘ {(Reference 3)
in which x is the extreme wind velocity, B and v are the shape parameters v

of Fisher-Tippett dist ribution, and ¥ is the distribution function or probability
that an extreme value is less than x. The mean recurrence interval, "R,

is given by the relationship;

R = 1/[1 - F(x)] (Reference 4)

| & it ] . Tty /{l!

|
S ) )
L - —— l
Mhladela City, |
1l
i o

Figure IlI-1 - Isotach 0. 50 Quantiles, in Miles per Hour: Annual Extreme -
© Mile 30 Ft above Ground, 2-Year Mean Recurrence Interval
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Figure HI-2 - Isotach 0. 02 Quantiles, in Miles pér Hour: Annual Extreme-
Mile 30 Ft above Ground, 50-Year Mean Recurrence Interval
Figure III-3 shows the probability paper developed in References 3 and
4 for the Fisher-Tippett distribution, Reference 4. This graph may be
readily used to obtain the entire distribution function, ¥, and the recurrence
interval, R, for any velocity. The process is to obtain the extreme wind speeds
from Figures III-1 and III-2 for the desired geographical area and plot the
wind velocity as a function of the recurrence interval on Figure III-3; A
straight line connecting these points gives the value of R for any desired wind
velocity. Based on data for the California area from Figures III-1 and
III-2 and plotting it on Figure III-3 as shown, an 80 mph wind will occur once
in fifty years; a 73 mph wind, twice; a 64.5 mph wind, 5 times; a 50 mph wind,

10 times; etc,
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III.2  Static Wind Loads

For the State of California, per Section III. 1, the fastest mile wind for a fifty-
year mean recurrence interval is 80 mph; for a ten-year interval,. 64.5

mph; and for a two-year interval, 50 mph, Applying a gust factor of 1. 35,
pPer Reference 7, to the fastest mile wind, the fastest wind speed for each

of the above is as follows:

Recurrence Interval 2 years 10 years 50 years
Fastest Mile Wind 50 mph 64.5 mph 80 mph
Fastest Wind Speed 67.5 mph 87.1 mph 108 mph

The static drag forces are calculated by the following equation:

D= CD qA,
where D is the drag force, CD is the drag coefficient, A is the exposed area,
and q is the dynamic pressure, which is calculated by the following equation:

g=1/2 sz,

where V is the wind velocity and p is the air density. Figure III-4 shows
Cp values for an infinite flat plate and for an infinite smooth cylinder in
the Reynolds number range of interest, where the Reynolds nufnber, R, in
air at standard temperature and pressure, is given by:

R = 780 vd.

In this eéuation, d is the diameter of the cylinder or width of flat plate, in
inches, and V is the wind velocity in miles per hour, Drage coefficients for
infinite smooth circular cyliziders have been used for cylindrical sections

in thig prob‘lem due to their ve.ry large //d ratios, The drag coefficients
for flat plates normal to the wind are constant for the Reynolds number range
of interest. Table III-1 represents the drag coefficients for different A/B

values (where A and B are the characteristic dimensions of the plate).
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Tables III-2, III-3 and III-4 show the detailed calculation of the static drag

force for each wind speed for Type XXI (ES-17-5), Type XIX (ES-14-5) and
Type XXVI (ES-20-1), respectively.
\ , _ o

L L iy S U TPPR A - -
Pogay : A

SN - T v

8 AN /(CD-INFINITE FLAT PUATE NORMAL TO WIND~FLACHSBART
: \\/ :
16 : .

: |
S : : ' 4

\ ‘ ' ' Co ~ INFINITE FMOOTH CIRCULAR CYLINDER-WEISELBERGEF] |

L2 -~ ‘ : - = = .

(D = ~
u ]
co o Cp —INFINITE ROYGH CIRCULAR A
op) SEPARATIO CYLINDER-{FAGE & WARSAP— o

e oQemmemm G mmem G o
' u= 0BGV \ \ :,J‘_'fd'

—Losey, h=0.280F L Y g
A | WAL

| :
STROUHAL NUMBER $=fd/V—INFINITE SMOOTH CYLINDER ‘y‘

04 G, 0.2
N l 1=43d \_’[,_.—--—-;
0.2 I ,/ I |

O'____ R lv 1T T T - ‘ T3 -io.z
ii‘ N - E TE

STROUHAL NUMBER=INFINITE FLAT PLATE -NORMAL TG VIND ‘o1
: |

o ? : - L Y- S - S T+

REYNOLDS NUMBER-LOG SCALE

‘Figure III-4 - Réynold‘s Number versus Drag Coefficient and Strouhal Number

A= A/B 1.0 2.0 5.0 10.0 -

Cp .12 | 1.19 -1.20 1.23 1.98

Table III-1 -~ Drag Cbeff_icien_ts Flat Plates Normal to Wind
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Table IIl-2 - Lighting Standard Type XXI (ES-17-5) Static Load Calculations
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Table IlI-4 - Traffic Signal and Lighting Standard Type XXVI (ES-20-1})

Static Load Calculations

77 8% ¥ | 8°z0T - S9% | s 6°28 - €°LE 0t} 2°%9 ecel €1

66% | ¢t | 101 - G ZE ¥ L T8 - 076 | g§° €°¢9 GLP | 11
agos | 1agp) O T]EFOI N D 80T H.Wmfi.écn | 02T 2Ts9 ge” ((Wuv)
T ) 6ttt 9vzorn R T TR et stes i N N R T ‘g [(D1861
88" [ €701 S0°1| T'%8 81T | 259 ¢ | (NEV]
N e - A O I L B B LAY I B B ko 7759 705 [NODear

- 871F | 0L | 2°F%01 - 1°9¢ £6° 0°¥8 - 2°62 80°I{ 1°'99 ¢1'zy L1
9t [ T°%01 L 078 G6 T €C°C | {INaw

CNEE Tl 46T bl o¥: ¥ 1r Y ks

€LLY 1 876LT) 6T T [ 97201 ~ | | 6i°1| g28 ' "N BT T ¥ RGOS

- |0°S¥ | ¥€° | 6°¢01 - 0°29 W 8°¢q - 9°L% | 26" 6 %9 08°% | g1

- |16 | 1¢° fs 01 - 9 %2 0¢* ¥°¢8 - ce [ 197 L°%9 19°% | %1

- {L6% | zet | LUz01 - £'1¢ Tg " 8°78 - 1°62 { 8%° 7°%9 9L°s | 21

- 1 L792T] 90°T [0 01T - 8°16 8T 1| 2°88 - 96 0z°'T | 8°89 98°c| 2z

- |7C7Zt | S6° | LG0T - L2 L0°T| ©°88 = €381l 02°'T| 989 LT €

- | T0% | 28° |0°601 - 9°62 €6° 6°L8 - 9°1¢ €ET°T| 1°89 91| %

I A0 /A N SR R NN = QA 0¢" 693 = 57 gL TLY 5621 9

= [&°2 ] 2€ 16 %01 - .07 | 1¢° 9°%8 - T°21 | 0¢° 9769 9t | 8

- 9755 [2€” [97101 | - | 1'se | ter | 618 | - (61 |6z | g0 659 | o1

- fo7ss | 2€° [Z'86 - L %€ 1€ " 1762 - G 61 67" L°19 069 &

- J17¢e |27 [z°¢6 - Z'1Z | 1¢° 1°6L - €21 | og° 785 ¥Lv | L

= {6767 | Z€° |¥ %8 - 9781 1" 1°89 - S0l 62 L1726 WS | s
(ar-ug){  (qu) (yduwr) f(qr-un)| (q1) (qdw) [ (ar-un| (ot (udur) .IIME m?ﬂ

Ty 2 | dp Zp Ty | %4 ¥ Zp Ty | 9o ZA v
ydur go1 = 0EA 1°L8 = 0Ep ydw g 79 = 0€4

¢ @5®D prOT] O13RIS

Z ©S®D prO d1jeIs

T @se) peo 213818

-29-

MECHANICS RESEARCH INC.

www . fastio.com

[IbPD

C


http://www.fastio.com/

ClibPD

wavwlastio.com

B
%

IIT.3 Random Dyﬂami'c Wind Loads

. As the wind velocitlj} fluctuates randomly (i.e., the instantaneous wind velocity is

not predictable), the dynamic effects of the drag force on a structure must be
determined using raﬁdom response techniques. The mechanism whereby gust .
pressures are induced on ground based structures is still not completely
understood.  Theréfore, although the results given herein are based on reported
measurements of wind gust data, they must be considered to be only reasonable
estimates at beét. In order to define the power spectrum of the dynamic load, )
the spectra of the velocity fluctuations are first required. The velocity spectrum
was calculated in reference 8 from a study of 90 strong-wind spectra and is .
evaluated as follows: |
_ 4K"\~73 0x?
£(14+x2)4/3

in which S (f) is the velocity poWer spectrum ét any height; f is the frequency,
in cycles per second; V3p is the mean hourly wind speed (fps) at the standard

reference height of 30 feet; K'is the surface drag coefficient referenced to the

mean speed at 30 feet (for highway type terrain K has a value of . 005) and
4000 £

X = ——
V30

To relate the load spectrum to the velocity spectrum, we use the following

(cycles‘i/ft). ' ‘ .

formula that describes the cirag force:
D =(1/2 p CpA) V2
or D Z‘CVZQ

where C =1/2 'p'(:Z‘DA

p = density of air

Cp = drag coefficient

A = projected area, : -
It is assuﬁed that the velocity consists of a mean flow with a small superimposed
fluctuation, - That is,

v =_:\-” + v 5 )

Therefore, D=D +dw~ C(V +2 Vv)
in which D, ]:-), d and v, \;, v are the tofal, mean, and fluctuating components

of load and ve];ocity,. reépec‘tively, at any height.
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Since D = CV&,
‘d 2v
‘ 5 v
2 S2 , -
hence ("(‘i— )y = 4D = 4 G2y2
i v 2

Therefore at any height 7 the power spectrum of the load, o (f), is as follows:
2. 2
9 {f) = 4C7 Vg "Sy(f),
where @ (f) is in units of IbsZ/cps,

To convert from fastest mile wind speeds (derived from isotach charts) to
mean hourly averages, first find the averaging period, t, for the fastest
mile of wind by using the following formula

t = 3600/Vy,

in which t is in seconds and Vg is equal to the fastest mile velocity in miles

per hour. Then, ’\;30 is as fillows:
Vi3p = Vf/F
where F is evaluated usiﬁg Figure III-5,

For the state of California, based on data from Section IIT-1, the fastest

mile wind for a fifty-year mean recurrence interval is 80 mph.

Therefore:

t =,3600/80 = 45 sec,

From Figure III-5, ¥ = 1.27
Vi =80/1.27 = 63 mph = 92. 4 fps

For Lighting Standard Type XXI (Dwg. ES-17-5), the coefficient, 4C,2v,2 ,
for each node is evaluated in Table III-5 and the term, Sy {fn)is evaluated
in Table III-6 for each natural frequency, f,, of interest. The P.S.D.
(Power Spectral Density) applied at each node is calculated by the following

equation:

MECHANICS RESEARCH INC. -3k
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PSD(£,) = (4Cz°V,?) (Sy(fa) )

For Traffic Signal and Lighting Standard Type XIX (Dwg ES-14-5),the
coeffic_ie\??sﬁczzvz% and the terms Sv{fhlare evaluated in Tables III-7 )
and III-8 respectively. For Traffic Signal and Lighting Standard Type XXVI

(Dwg. ES-ZO-I),the{rI’ are evaluated in Tables III-9 and 1II-10 respectively.
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Figure III-5 - Ratio, F, of Probable Maximum_Speed Averaged over Period,t,
to That Averaged Over One Hour '
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X3 A c C Vo 4C5 2V, 2
Nod ; D 7 z 2Vy,
oce (in) (£t2) (ft/sec)
2 70.3 | 3.779 . 86 003863 73.2 .3197
3 140.7 | 3.408 . 88 003565 80. 7 .3308
4 211. 3,037 .90 003249 85.5 . 3087
5 281.3 | 2,666 L 95 003010 89.2 . 2882
6 351,7 | 2.295 1,00 002728 92.1 . 2525
7 422, 2.074 1. 06 002612 94.5 .2435
8 441.3 | 1,575 1. 12 . 002096 95,2 . 1592
9 460,7 | 1.304 1.20 . 001860 95.8 L1269
10 480, 3,821 1.21 . 005497 96.2 1.1189
Table III-5 - Calculation of 4C ZZVZ 2. Lighting Standard Type XXI
Heps) | .6978 | 2.2054 | 7.3809 | 13.1776|20.8395 |37.9121
Vag/f  R32.42 W41.9 12.519 7.01 | 4.54 2. 437
x2/0+ 2] L1032 | L0486 | .02132| .0155| .o1142| 0072
Sy (£) . 2733 . 0407 . 00536 .00217 .00104| .000351

Table III-6 - S {f) at Natural Frequencies - Lighting Standard Type XXI

www . fastio.com
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Node 3. o Cp Ca vy, Gyt
(in) (ft=) {(ft/scc) L
2 64 . | 4,4533 .58 . 003071 72.2 1 1966
3 128 |4, 1244 . 54 . 002648 79.7 | .1782
5 192 | 5.797 .59 . 004066 84.5 | .4722 |
4 246 | 2.9738 .68 . 002121 87.5 1378
6 300 - | 2.7413 .72 . 002346 90. 0 1783 !
8 354 | 3.0712 | .75 . 002738 92. 2 2549 |
10 382 ]1.5964 | 1.20 . 002277 93.2 1801
12 401 11.2720 | 1.20 .001814 93.8 1158
14 411 | 3.8016 | 1.21 . 005469 94. 2 1. 0616
7 220 | 3.7628 .75 . 003355 86. 1 3338
9 247 | 3.1902 .92 . 003489 87.6 3737
11(ARM) | 266 -|2.3060 | 1.02 . 002796 88. 5 2449
(SIG. ) 246 8. 1.19 .011319 87.5 3.9237
13 275 | 1.6324 | 1,09 . 002115 88.9 1414
15(SIGN) 278 | 5.04 1.155 . 006921 88.9 1.5143
(ARM) 278 | .3052 | 1.20 . 000435 89.1 0060 .
16(SIG. ) 246 | 8. 1.19 . 011319 87.5 | 3.9237 .
(ARM) 278 .4000 | 1.20 . 000570 89.1 ! 0103
| | | ;
Table IL-7 - Calculation of 4C5*Vz?2 - Traffic Signal and Lighting Standard
Type _-XIX
f{cps) 1.0412 | 1.5001 | 3.1132 | 6.4921 |10.3942 !11.6396
Vio/f 88.74  |61.60 29.68 14. 23 8.890 | 7.9384
xz/(1+x2)§ . 0791 . 0619 .03806| .02333 .01702% . 01579
S (f) . 1404 .07626 . 02259 . 006641 .0MB®6 .00251 .

Table III-8 - S (f) at Natural Frequencies - Traffic Signal and Lighting"
Standard Type XIX

MECHANICS RESEARCH ING..
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_ X3 A C C. Vo 4C 42V, 2
vode  lum) | @y | 0P L aesseey |
5 64. 5,06 .31 . 001865 72.2 . 0725
7 128. 4.74 .30 . 001691 79.7 . 0727
9 192. 6.90 . 43 . 003528 84.5 .3551
10 234, 6. 59 .38 . 002972 86.9 . 2678
8 294. 3.65 .32 . 001389 89.8 . 0622
b 354. 2.96 .85 . 002992 92.2 .3043
4 382.8| 1.61 1.16 . 002221 93,2 L1714
3 402, 1.27 1.20 . 001812 93.9. .1158
2 410.4 | 3.86 1,22 . 005599 94.1 1.1115
12 253,21 5,76 .6 . 004109 87.9 .5215
14 266,41 4,61 .75 . 004111 88.5 .5296
15 273.6 | 4.80 1,00 . 005707 88.9 1.0286
16(SIG) 252. 8. 1,19 .011319 87.8 3.9523
16(ARM) | 278.4| 2.33 1,05 . 002909 89.1 ., 2685
17 280.2 1 2.15 1.1 . 002812 89.1 .2514
18(SIGN) | 282. 5. 04 1.155 | .006921 89.2 1.5257
18(ARM) | 282. .5 1.2 . 000713 89.2 . 0162
19(SIG) 252, 8. 1.19 .011319 87.8 | 3.9523
19(ARM) | 282. .38 1.2 . 000542 89.2 !  .0094
11 | 230.4| 4.75 .87 . 004914 86.7 . 7257
13 254,4 | 3,53 1.0 . 004197 87.9 . 5448
Table II-9 - Calculation of 4C7 2V, 2 - Traffic Signal and Lighting Standard
Type XXVI :
f(cps) .8085 | 1.5540 | 2.6639 | 4.1579 |9.1774 | 9.8473
V3g/f 114, 3 59. 46 34.69 22.22 10.07 9.383
4
xz/cbué%;- .0934 | . 0605 . 0422 .0314 | .01853 | .01767
S (f) .2135 .0719 .02927| . 01395 .003731] .003316

www . fastio.com
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I 4 Vortex Sheti:':clihg Wind Loads

The commonly used éxpr‘ession for the alternating lateral force due to

vortex shedd1ng is:

K= qACK Sln 21 f,t | . (Reference 10)

Where FK is the vonKarman force; q is the dynamic pressure; A is the
exposed area; Cx is the von Karman coefficient; f, represents the frequency
of shedding vortex pairs; and t is tlme. Figure III-6 (Reference 10) shows '
various reported values of CK The assumed variation of Cy with Reynolds
lNumber used in this’ ana.lysls 15 also shown in Figure III-6, The value of

JfV is calculated as follost

o . _fV =-l-?;2i, (Reference 11)
where S is the Strouhal number, V is the mean wind v‘elocity (mph) and d is
the diameter (inches) of the dylinder. For the Reynolds number range in this

‘analysis, the Strouhal number is equal to , 19, as shown in Figure III-4.

1.0 = — ; 1

\
BINGHAM, 1952 MACOVSKY, 1958
{PRINGETON) {Ho {pTMB)
- [
oa — y
- MGG?EGDR, 1957 ‘\ GOLDMAN, 1957
‘ uTla) - - . ..
: ! \ {MARTIN -GO.) Assumed variation of CK
06 -
. e o N 7
~ (ﬁms ‘\ FUNG, 1958
Gy 8 —_ , (CALTECH)
" . = !
04 [- 2 A PEAK VALUES [STAT, GYLS) —o
n I.BARE GYLINDERS "
w B.GYLS. WITH 8 WINDINGS
=z 3. CYLS.. WITH 16 WINDINGS
BSTANDARD" VALUES
oy T VIBRATING GYLINDERS
: i 2. VIBRATING MEMBERS i
A 3.RMS "TESTS. FOR Cx ON STAT. GYLS ———
x (USING VOLTMETER ANALYZER) :
0.0 1

3.0 Y'Y ] . 50 60
‘LG, R T

" Figure HI-6 - Réporééd Experimental Values of Cy
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The vortex shedding loads and frequencies calculated for the first three
. critical velocities for each of the three analyzed standards are shown in
Tables III-11, III-12 and III-13, The critical velocities are calculated using

the following equation :

Ind;
v, = *
CRIT 17. 68
Where:
= VCRIT = Critical velocity at node i
h
fn = n . natural frequency
= Strouhal number = .19
d; = Diameter of the cylindrical member at node i
Node i = Node at which the nodal displacement vector is a
. th
maximum for the n  mode.
MECHANICS RESEARCH INC. -37-
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‘?CRIT= 12. 42mph

VCRITzl l; 634mph

VeoRriT=30. 824mph

Node |(Degree
of :
Freedom :

aACk ™ s (cps) [aackTP)| £ (cps) [qackP) £ (cps)
2 X1 | .468 4.25 . 410 3.98 2. 45 10. 55
3 X1 .513 5.20 . 451 4,87 2.69 12,91
4 X1 .513 6.18 | .451 5.79 2.71 15,35
5 X1 . 490 7.341 . 430 6. 88 2.63 18.22
6 X1 . 450 8.81 . 395 8.25 2.45 21. 8656
7 X1 .428 110,34 . 383 9. 68 2.37 25. 66
8 X3 .342 11,88 . 300 11.13 1. 86 29.48
9 X3 .293 [14.40 . 257 13.525 | 1.60 35,83
10 X3 L116 18.18 .102 17.03 . 64 45.13

Table III - 11 Vortex Shedding I.cads and Freguencies
Lighting Standard Type XXI

wavwfastio.com
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VeRiT=6-83 mph|Vopir=7. 736 mph| Vogip= 14. 13 mph

Node [Degree : :
of

Freedom qACK(lb) f,(cps) qACK-(lb} f, (cps) qACK(lb) f,(cps)
2 X1 . 164 1.78 .207 2. 02 . 637 3.68
3 X1 .185 2.12 . 234 2. 40 .719 4, 39
5 X1 . 292 2.44 | .369 2,77 |1.136 5,05
4 X1 162 2. 73 205 3,09 L 629 5,64
6 X1 . 159 3.04 | .201 3.45 | . 619 6.30
8 X1 . 188 3.41 .238 3.86 . 735 7.05
10 X3 . 108 6.47 .137 7.33 . 423 13. 39

12 X3 089 | 7,84 | .113 8.875 | .350 16,2071
14 X3 .03 | 9.80 | .046 |11.10 | .142 20.27
7 X3 .202__| 3.03 . 255 3,43 . 786 6.26
9 X3 . 180 3.57 . 227 4. 04 . 701 7.38
11 X3 . 136 4,26 172 4,82 .530 8. 80
13 X3 . 083 5.09 | .105 5. 76 .325 10. 53
15 X3 L 019 6.03 024 6. 83 .074 12.48
16 X3 . 025 6.8805| . 032 7.79 . 099 14,23

Table III-12 - Vortex Shedding I.oads and Frelquencies
Traffic Signal and Lighting Standard Type XIX

MECHANICS RESEARdH INC.
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VeRrrT=10. 86mph| Vo pim= 9,03 mph| Vogrr= 15, 40 mph
Node |Degree
‘ of . _

Freedom aaCk ™1 (cps) |aacg )| £ (cps) |qaCk®) | (cps)
5 X1 . 408 2.49 .319 2. 07 . 781 3.53
7 X1 _463 2.94 | .363 2,44 . 888 4,17
9 X1 . 769 3.68 | 602 3,06 1.475 5,22
10 X1 . 775 3,81 . 607 3.17 1,487 5,40
8 X1 | .457 | 4.03 | .358 3.35 . 877 5.71
6 X1 394 | 5.89 | 309 4.90 757 8.35
4 X3 .243 }10.26 | .190 8.53 .469 | 14.55
3 X3 .199 |12.46 . 155 10.3613 . 384 17.67
2 X3 089 [13.91 |.070  |[11.57 173 119,73
11 X3 .582 | 5.32 . 455 4.43 1,119 7.55
12 X3 .702 | 4.30 . 549 3,58 1.347 6.10
13 X3 . 457 6.68 .357 5,56 .879 9. 48
14 X3 . 582 5. 06 . 455 4.21 1.118 7.17
15 X3 629 | 6.42 | . 492 5, 34 1.210 9.10
16 X3 .310 | 6.9427] .242 5.78 . 597 9. 85
17 X3 293 9.26 . 229 6.87 . 564 11.7174
18 | X3 . 070 9.99 . 055 8.31 . 135 14,17
19 X3 L 054 10,96 042 9,11 . 104 15,54

Table III-13 - Vortex Shedding Loads and Frequencies
' '+ Traffic Signal and Lighting Standard Type XXVI
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IV.  STATIC STRESS ANALYSIS

Iv.1 Analytic Method
MRI's STARDYNE system used for the static wind loads analysis

is formulated around the "Stiffness' or "Displacement' method of structural analyeis

The mathematical model is defined by the matrix equaItion
[K] {5} - {F} | (IV.1-1)

where

1]

{K] stiffness matrix
{s}
{=}

The diSplacement vector {5} comprises all the non-

1]

displacement vector

external load vector

restrained movements of each node point. The external load vector {F}
comprises the external loads applied to the node points in all nonrestrained
directions of movement. An element of the [K] matrix,Kij,is defined as the
force n'ecessary to hold the structural element from moving in the itj{l degree
of freedom when the jth degree of freedom is given a unit displacement and |
all of the other degrees of freedom of the structural element are restrained

from moving.
The static analysis of the structure proceeds as follows:

i. An elemental stiffness matrix [K]l is defined for each
elemental building block used in simulating the phys ical system. For each

element, the equation,

[K]i {5}1 = {F}i, ' (IV. 1-2)

may be written. The spacial relationship of each.element to the system

coordinates is defined by the equation s

MECHANICS RESEARCH INC. wdle
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{6}1 =’( [;]1 {5} | | (av.1-3) i

where rC] is a rotational transformation matrix relating the element
Lodi ) ‘
coordinate system to the global coordinate system. Equation IV.I-1 is

obtained from the equation
Z [C].T [KJ [ci] {a} - {r} V. 1-4)
. i i
i :

2, The system of linear equations in IV.1-1 is solved to
yield the displacement vector {6} Equati__:.ans Iv.1-3
and IV.1-2 are employed in turn to compute'{FJ'i, which represents the internal

forces on the ith"elementa.l building block.

' MECHANICS RESEARCH INC. 42
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Beam L.oads from STARDYNE
- The member loads generated by the STARDYNE program are

applied to a member A-B according to the convention shown below.

£y

The loads are defined as follows:
P = Axial force
T = Torsion |

V2 = Transverse shear force along
P axis 2

T
V3 = Transverse shear ‘force along axis 3
M2 = Bending morriént about .axis 2
M3 = Bending moment about axis 3,

Individual Stresses-

A. Axial Stress

' P
Op = N . ) P = Axial force ~~(lbs)

= Cross sectional area -- (in?)

>
I

- MECHANICS RESEARCH INC. wd3n
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B. Bending Stress

9 ‘ M. = Bending moment about axis (i)

1. i

b . (in-1b)
c; = Distance from axis (i) to extreme
fiber --(in)
Ii = Area moment of inertia about
C axis (i) -—(in4)
C. Torsional Shear Stress = Sq
i
T = —I"I%—" T = Torque (in-lbs)
C =0.D./2
K= n[r?%-(;-t4]
2
D. Transverse Shéar Stress
V. Q.
Ty V= Transverse Shear Force {lbs)
2 .

Ii-t Qs = Static moment of area above the
layer in question with respect
to the neutral axis (in3)

- 2r - (£ 7 ]
1ty ri 3 'ry
2t = Width of layer upon which shearing

stress is acting (in)

Combined stresses are treated by using the conser.v_a.tive Tresca, or
maximurn shear, theory of ductile material f‘alilure.. The Tresca failure
criterion allows corhparison of twice fh"e maximum shear stress vs. the
uni-axial yield stress of the material. In effect, this theory states that
failure of the section occurs when the diameter of the largest Mohr's
stress circle, which may be constructed for the particular stress state

existing with the cross section, exceeds uni-axial material yield stress.

'MECHANICS RESEARCH INC. = -44."
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The Tresca failure criteria has been accepted as a measure of design integrity
by a number of design codes, particularly those associated with nuclear
system structural elements; e.g., ASME Boiler Pressure Vessels Code,

. 7 Section III Nuclear Vessels.

Stress comparisons are performed at both ends of a finite beam element and

at three locations within the cross section:

‘ _ 1. At locsllcrOSs section axis 5.,’2: _
_ y 1/2
25 r___=|{lealt |os +(|T [+|T n
max —_—— 2 T
2 . /
" 2. At local cross gection axis ?;'3:
: . ' 1/2
2 (|°A| + I 02 ? | z :
q“rma.x - 2 * |T3 I + | TT‘
3. At maximum cross section stress location:
o |+ o240 2\ " f 2 Y
| 20T —{[ Al 2 "7 ) AT T )
" max \ ' 2 - T 2 3
. The laréest Tresca stress is reported for each finite beam element.

The computer program, WEFFLS, developed for thls analysis allows the user to
define localized stress concentration factors for all stress components prior to

the calculation of Tresca stress,

Iv, 2 Results

The static wind loads calculated in Section Iil. 2 in conjunction with the structural
data in Section II. 2 were submitted to the STARDYNE computer system. The
resulting static stresses for each structure and each recurrence interval are
shown in Tables IV-1 through IV-9. Stresses were also calculated for the

effect of the dead weight of the structure and are shown in Tables IV-10

through IV-12 for each analyzed lighting standard. Unity stress concentration

factors have been employed through this analysis.
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IMember | Axial . Tor- Bending Stresses Shear Stresses

. sional
A-B - | Stress ‘Shear

Stress

End A - End B
GA T G2, O3 0y O3 T2 T3

1-2 0. -1097. |-13000.] 0 10310. 0 150. 0.
2-3 0. ~1346., |-12610.] © 9602. 0 151. 0.
3-4 0. 1-1691. |-11990.] o 8633. 0. 150. 0.
4-5 0. -2187. |-11130.] 0 7324, 0 150. 0.
5-6 0. -2939, |- 9757.] o 5426, | O 147. 0.
6-7 0. ~4158, 7579.1 b 2566. 0. 143, 0.
7-8 0. | 3. |-10520] o 6079 0 128. 0.
8-9 0. - 3. |-8706.] o0 3741. 0 119. 0.
9-10 0. | 0. |- 5798.] o 0. 0. 111. 0.

- Table IV-1 - Lighting Standard Type XXI (ES-17-5)
Static Load Case 1
Recurrence Interval = 2 yrs. - V39 = 67.5 mph
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Member | Axial Tor- Bending Stresses Shear Stresses
A-B Stress sional
Shear
Stress :
End A End B
g A Tp. gz O3 o2 93 "2 T4
1-2 0. -1731 —1825Q% 0. 14790 0, 193, 0.
2~-3 0. -2124. | -18080. 0. 14060 0. 202, 0.
3-4 0. 2669 ~-17550, 0. 12860 0. 210, 0.
4-5 0. ~3453 -16590, 0. 11100 0. 216, 0.
5-6 0. -4640 -14780, 0. 8345, 0. 218, 0.
67 0. -6565. |-11660.] 0. 4051 0. 216, 0.
7-8 0. 4. |-16610. o. 9703 0. 199. 0.
8-9 0. -~ 5, 1-13890. 0. 6023 0. 189. 0.
9-10 0. 0. |- 9335, 0. 0, 0. 179. 0.

Table IV-2 - Lighting Standard Type XXI

MECHANICS RESEARCH INC.
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| Tor-

Stresses

Member | Axial Bending Shear Stresses
- sional
A-B Stress t.Shear
Stress
End A End B
A T %2 | 93 92 93 T2 T3
1-2 0. -2412. [-22660,] o, 18520. 0. 231. 0.
2-3 0. |-2960. |-22630.] 0. |i17850. | o, 241, 0.
3-4 0. -3718., |-22280.| o. 16690. 0. 251. 0.
4-5 0. |-4811. [-21510.] 0. |14790. ! o. 265, 0.
5-6 0. |-6465. |-19680.| o. 11310. | o. 283. 0.
6-7 0. ~-9146. |-15800.| 0. 5644, 0. 289. 0.
7-8 0., 6. |-23140.] o. 13670. 0. 273, 0.
8-9 0. |- 6. [-19570.] o. 8479. | o. 266. 0.
9-10 0, 0. |-13140.] oO. 0. 0. 252, 0.

Table IV-3 - Lighting Standard Type XXI (ES-17-5)
Static Load Case 3
Recurrence Interval = 50 years - Vi = 108 mph

wavwlastio.com
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Stresses

Member | Axial Tor- Bending Shear Stresses
' sional
A-B Stress Shear
Stress
End A End B
oA TT 92, O3 02 93 "2 "3
1-2 0, -2923, |- 8182.f O, 6281, 0. 147 1]
2-3 0. -3400. |- 7336.} O. 5166, 0. 156, 0.
3-5 0. -3967. |- 6003, 0. 3534, 0. 164. 0.
4-5 0. - 578, 1581.] O, -2289. Q. 51. 0.
4-6 0. - 681, |- 1861, o, 1114, 0, 49, 0.
5-7 0. - 735. |-10160.{ O, 7232, 0. 133. 0.
6-8 0. - 814. |- 1331.] 0. 556, 0. 47, 0,
7-9 0. - 921. |- 9658, 0. 6055, 0. 143, 0.
8-10 0. - 528, 1-10720.] 0. 5950, Q. 130. 0.
9-11 0. - 846, |- 8708.] o0, 4197. 0. 156. 0.
10-12 0. - 241, |- 8076.] o0, 3381. 0. 1i2. 0.
11-13 0. - 662, |- 6266.] o0, 3408, 0. 111, 0.
12-14 0. 0. - 5476.] 0. . 0. 109, 'R
13-15 0. - 683. 5167.| 0. 1441, 0. - 121, 0.
15-16 0. - 884, |- 2126.{ O. 0. 0. 88. 0.

Table IV-4 - Traffic Signal and Ligh‘ting Standard Type XIX
Static Load Case 1 ,
Recurrence Interval = 2 years - Vgg = 67.5 mph
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Member | Axial Tor- Bending Stresses Shear Stresses

| sional

A-B _ Stress Shear

"Stress

End A End B

oa | T 92 03 G2 O3 T2 i
1-2 0. -4621. |-11880.J] 0. 9121. 0 213. 0.
2-3 0. -5374, |-10650] 0. 7498, 0 226. 0.
3-5 0. 46270, |- 87124 o, 5130. | O. 238, 0.
4-5 0. |- 930, 2251, 0. -3170 0. 66. 0.
4-6 0. |-1095. |- 2650 o0. 1656. 0. 66, 0.
5-7 0. ~1208, |-15970. O. 11570 0. 201. 0.
6-8 0. |-1309. |- 1979, O. 890. 0. 66. 0.
7-9 0. |-1516. |-154604 0, 9819 0. 223, 0.
8-10 0. |- 863. }-17230.} 0. 9690 0. 206, 0.
9-11 0, ~1403, |-14130.] 0. 6893 0. 250, 0.
10-12 0. |- 398 |-131500 o, 5579, 1 0, 180, 0.
11-13 0. |-1100. |-103004 O. 5642. 0. 182. 0.
12-14. 0. | 0. |- 9035 o. 0. 0. 179. 0.
13-15 0. -1137. | - 8555} 0. 2387. 0. 201, 0.
15-16 0. -1472. | - 35205 0. 0. 0. 146. 0.

Table IV-5 - Traffic Slgnal and nghtmg Standard Type XIX
Static L.oad Case 2
Recurrence Interval = 10 years - V34 = 87.1 mph
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Member | Axial Tor- Bending Stresses Shear Stresscs
sional
A-B Stress Shear
Stress -
End A End B

oA T o2 O3 92 93 T2 T,
1-2 0. -6749. |-17150.] o0, 13140, . 311, a.
2-3 0. -7850, [-15340,| o0. 10760, 0. 329. 0.
3-5 Q. ~-9158. {-12500.| o0, 7306. 0. 344, a.
4-5 0. -1297. 3163.1 0. -4478, 0. 95, 0.
4-6 a. -1527. |- 3723, 0. 2313, 0. 93. 0.
5-7 0. |-1831. |-23440.] 0. [17070. | o. 290. 0,
6-8 0. }-1825. |- 2765, o. 1236, | 0. 92. 0.
~7-9 0. -2302. |-22800.| o. 14670. 0. 322, a.
8-10 0, -1215. |-24010.| oO. 13640, . 283, 0.
9-11 0. -2148. |-21110.] o, 10440, 0, 369. 0.
10-12 0. - 561. |-18510.{ o, 7861, 0. 254, 0.
11-13 Q. -1689. (-15610, 0. 8635, 0. 272, 0.
12-14 0. 0. -12730.] o0, 0. 0. - 252, 0.
13-15 0. -1748, [|-13090.] o. 3655, 0. 307. 0.
15-16 0. -2264. |- 53921 o. 0. 0. 224, 0.
Table IV-6 - Traffic Signal and nghtmg Standard Type XIX

Static Load Case 3 .
Recurrence Interval = 50 years SV 0"= 108 mph
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Member | Axial Tor- Bending Stresses Shear Stresses
5100
A-B Stress | Sheail
Stress
End A End B

TA T er) O P o3 T o T3
1-5 0. -3153. |- 6258.1 0, 4807, 0. 126. 0.
2-3 0. 0 0 0. -5504, | 0 110, 0.
3.4 0. |- 285, 3295.1 O, -7909. 0 111, 0.
4-6 0. - 578, 5700.] O. -10320.| 0 126, 0.
5-7 0. -3611. |- 5504.] 0. 3867.1 O. 133, 0.
6-8 0. |- 443, 291,] 0. - 747.] o0, 29. 0.
7-9 0. -4148. |- 4313.| oO. 2519.1 0. 135, 0.
8-10 0. - 374, 654.0 0. - 1093.] O, 31. 0.
9-10 0. |-2849. |- 2050.] oO. 1368.] o, 73. 0.
9-11 0. |-531. |- 9619.] 0 5189.| O. 127. 0.
10-12 0, - 386, |- 8086. o0. 6514.] 0 58, 0.
11-12 0. - 59, 4631, O. 4898.| o. -39. 0.
11-13 0. |- 509, j- 8003, © 4440. 0 95. 0.
12-14 0. - 406, {- 8876 O 6385 0 89. 0.
13-15 0. - 658, |- 7325) 0. 2646, © 98, 0.
14-15 0. |- 290, |- 9070 0 6050.] © 92. 0.
15-16 0. |- 769. {-10320] o0 6287.] 0 166. 0.
e 16-17 0. |- 445 |- 8798] o 4636 0 119. 0.
17-18 0. |- 686. |- 7136} o0 1536, O 129, 0.
18-19 0, - 987. | - 2319 0 0. 0. 93. 0.

Table IV-7 - Traffic Signal and Lighting Standards Type XXVI
Static Load Case 1
Recurrence Interval - 2 years - V3 = 67.5 mph
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Member | Axial Tor- Bending Stresses Shear Stresses

sional

A-B Stress Sheaj

Stress

End A End B

oA T o2 03 ) ©3 T2 i
1-5 0. -4802, [- 8953.| o. 6866.] 0. 182, 0.
2-3 0. 0. 0. 0. - 9023.| o. 180. 0.
3-4 0, - 467, 5402.] 0. -12790.1 o0, 178, 0,
4-6 0. - 939, 9217.] o. -16380.{ 0. 196. 0.
5-7 0. -5498. |- 7862.] o. 5516.| o. 191. 0.
6-8 0. |- 704. 459.] o0, 1080.| 0. 40, 0.
7-9 0. -6372. |- 6152.] o. 3591.| 0. 193. 0.
8-10 0. - 594, 946.] 0. 1558.] o. 43, 0.
9-10 0. -4353. |- 2880.] o0, 1935.] 0. 102, 0.
9-11 0. - 850, }-14540.| o. 8119.] 0. 184, 0.
10-12 0. ~ 628, [-12270.] o. 10170.] o. 78. 0.
11-12 0. - 94, 7276.1 0, 7702.1 0. -62. 0.
11-13 0. - 826. [-12530.] o. 7117.| o. 145, 0.
12-14 0. ~ 669, . [-13860.] o. 10250.] o, 130. 0,
13-15 0. -1071. [-11740.] o. 4347.] 0. 156. 0.
14-15 0. - 490, [-14560.] o. 9833.] 0. 144, 0.
15-16 0. -1277. |-16800.| o. 10310.| o, 267. 0.
16-17 0. - 741. |-14430,] o. 7666.| o, 194, 0.
17-18 0. -1142, {-11800.] o. 2544.1 0. 213, 0,
18-19 0. -1644. |- 3842.] o. 0. 0. 155. 0.

Table IV-8 - Traffic Signal and Lighting Standard Type XXVI
Static Load Case 2

www . fastio.com
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Member | Axial | Tor- Bending Stresses Shear Stresses
A—B Stress ';;12:2?1
Stress
End A End B

oA T | 92 93 7 93 "2 "3
1-5 0. -5746, |-10410.| o. 7994. | 0 210. 0.
2-3 0. 0. | 0. 0. -12450. | © 249, 0.
3.4 0. |- 645, | 7456.| 0. |-17630.] o. 245, 0.
4.6 0. -1294, | 12710.| o0.. l-22540.| o. 269, 0.
5.7 0. [-6580. |- 9154.] o. 6462. | O. 219. 0.
6-8 0. - 968. 631.] o. - 1498.| o. 56. 0.
7-9 0. [|-7625. |- 7208.| oO. 4294, | 0. 220, 0.
8-10 0. - 817. 1311.] O. - 2178.| oO. 61. 0.
9-10 0. -5295, |- 3580.| oO. 2452, | o. 121. 0.
9-11 0. ~1106. |-16890.1 o. 10150. | o. 193. 0.
10-12 0. - 862, |-14620.] 0. 12590. | o, 76. 0.
11-12 0, - 152, | 10690.| oO. 11160. | 0. -90. 0,
11-13 0. -1129. |-15650.] o. 9666. | 0. 160, 0.
12-14 0. - 960. [-17160.] oO. 13160. | o. 144, 0.
13-15 0. [-1465. 1-15950.] o, 5163. | o. 227. 0.
14-15 0. - 772. |-18710.| o. 13660. | 0. 154, 0.
15-16 0. |-1919. |[-22730.| o. 14290. | o. 348, 0.
16-17 0. ~1139. |-20020.| o0, 11710.§ 0. 238. 0.
17-18 0. [~1756. |-18030.| o, 3898.] 0. 324, 0.
18-19 0. |-2527. |- s888.1 o. 0. 0. 237. 0.

- Table IV-9 - Traffic Signal and Lighting Standard Type XXVI
Static Load Casge 3
Recurrence Interval = 50 years - V3o = 108 mph
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Member | Axial Tor- Bending Stresses Shear Siresses
1
A-B Stress Ssh:afl
Stress
End A End B
G A T 9z 93 9z 93 T2 T3
1-2 =126, 0. 0. |} 2919. 0. 2919, 0. 0,
2-3 ~118. 0. 0. | 3567. 0. 3567. 0. 0.
3-4 -111, 0. 0. | 4453, 0. 4453, 1 0, 0.
4-5 -104, 0. 0. | 5742, 0. 5742. 1 0. 0.
5-6 - 98, 0, 0. | 7644.| o, 7644.] o, 0.
6-7 - 94, 0. 0. |10680. 0. |10680.{ o. 0.
7-8 - 26, 0. 0 -13420, 0. 7921. 0. -159,
8-9 - 25, 0. 0. Fi1340. 0. 5027.| o, -152,
9-10 - 24, 0. 0. | 7792. 0. 0. 0. |-150,

Table IV-10 - Lighting Standard Type XXI (ES-17-5)
Static Load Case 4
Dead Weight of Structure

wavwlastio.com
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Member | Axial Tor- Bending Stresses Shear Stresses
sional
A-B Stress Shear
| Stress
End A End B
oA T o 93 %2 93 T2 ] 73
1-2 =172, 0, 0, F 6732, Q, 6732, 0. Q
2-3 -167. 0. 0. | 7862. 0. 7862. 0. a.
3-5 -160, 0. 0. | 9136. 0. 9136. 0. 0.
4-5 - 61. 0. 0. | 1647. 0. 1647, 0. 0.
4-6 - 50. 0. 0. | 1940, 0. 1940. g, 0.
5-7 - 34, 0. 0. fpi1170.} 0. | 7341. 0. |-174.
6-8 - 39, 0. 0.. } 2318, 0. 2318, 0. 0.
7-9 - 30, 0. 0. |} 9780. 0. 5798. 0. -158,
8-10 - 36, 0. 0. 14580, 0. 8591, 0. -164.
9-11 - 19. 0. 0. | 8134, 0. |3865, 0. |[-148.
10-12 - 24, 0. Q. 11470, 0. . 15096, Q. =152,
11-13 - 9, 0. 0. F 5506, 0. 2702. 0. -109.
12-14 - 13, 0. S 0. 8171, . 0, 0. -162.
13-15 -3, a, 0, 3953, Q, 895, 0. -100,
15-16 0. . 0. r 1256, 0. 0. 0. - 52,

Table IV-11 - Traffic Signal and Lighting Standard Type XIX
' Static Load Case 4
Dead Weight of Structure
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Moember | Axial Tor- Bending Stresses Shear Stressecs

A-B Stress Sslj.zxalil
Stress
End A End B
5 A T 92 O3 02 O3 T Ty

1-5 ~ 202, 0, 0, __F 9469, 0. 9469 0, 0,
23 - 11 0. 0. 0. 0. 8168, 0. 163.
3-4 - 23 0. 0. | 4963 0. 11180 0. 150,
4-6 - 37, 0. 0. | 8219 0. 13960 0. 157,
5-7 - 197, 0. 0. 10840 0. 10840 0. 0.
6-8 - 27 0, 0. p120s.] 0. | 1205, | o. 0.
7-9 - 187, 0. 0. 12090 0. 12090 0. 0.
8-10 - 42, 0. 0. F 1054, 0. 1054, 0. 0.
9-10 114. 0. 0. F12500 0. - 460. 0. -1393.
9-11 -1354, 0. 0. |} 4135 0. -~ 961 0. - 146,
10-12 1045, 0. 0. 2239 0. 1832, 0. 151,
11-12 -~ 301. 0. 0. 71. 0. 1754. 0. 174,
11-13 -1675. 0. 0. 1480, 0. 1895, 0. 90.
12-14 1263, 0. 0. F 1553, G. 115, 0. - 52,
13-15 2125, 0. Q. | 3097, Q. 1905, 0, - 25,
14-15 1497, 0. 0. | 162, 0. 6189. 0. 183,
15-16 - 7. 0. 0. |} 9903 0. 5827 0. - 168,
16-17 = 2. 0. 0. | 8041 0. 3660, 0. - 126,
17-18 - 1. 0. 0. F 5635 0. 907. 0. - 109.
18-19 0. 0. 0.  1341. 0. 0. 0. - 54,

Table IV-12 - Traffic Signal and Lighting
Static Load Case 4
Dead Weight of Structure

wavwlastio.com
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V. DYNAMIC ANALYSIS

The proper mathema;tical description of a structural frame, such as the
Traffic Signal and Lighting Standards, results in a large number of second
order differential eCﬁ[-uations. If a lumpedlparameter representation is
employed, 2 separate equation is required for each important parameter
i.e., inertia lump, or mass point. Additional equations are required to
simulate important i.E(Jad paths, or interconnections, between the lumped
parameters, points Bf load application and fhe external boundaries of the

system.

Where these resultant differential equations are linear, important simplifying
procedures based upon orthogonal functions are utilized. These procedures
are embodied in the so-called "Modal Analysis' method described in succeeding

paragraphs.

V.1 _ Modal Analysis

We have chosen to use this technique in conjunction with a stiffness, or
displacement method, description of the structural system. The
normal modes and frequencies, obtained from an eigenvalue solution of the

equations of motion may be used to produce a response solution.

The modal analysis f'ec‘hniqu_e is a widely used method for the evaluation of
structural dynamic f-ésponse ¢haracteristics of complex, distributed, or lumped

parameter linear systems.

MRI implements the tiodal analysis methc;ds described herein using the
STARDYNE Structurjé.l 'An‘a'lysi,s System. The greatest value of this method is
the fact that the'p'ro.p_.c—:;r utilization of the mode shapes and natural frequencies
resolves a complex problérn éf ﬁlany cbupled degrees-of freedom into a set

b of linearly uncouplerll:, or independent, second order single degree of freedom
systems. KEach of tH'.‘ese independent single degree of freedom systems can be
solved in the presené'e of the excitation forces by using the wealth of technical
information available regarding forced dynamic response of single degree of

freedom order dynamic systems.

MECHANICS RESEARCH INC.  .s5g.
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V.1.1 Analytic Method
V.1.1.1 Normal Coordinates

In the analysis of multi-degree-of-freedom systems, the
differential equations of motion are normally coupled either statically or
dynamically. However, a set of coordinates exists in which the equations
of motion are decoupled both statically and dynamically, These are called
'"Normal Coordinates' and they may be determined by a transformation of
coordinates in which the transformation matrix is constructed of the system
cigenvectors. When damping forces are present, it is a necessary condition.
that the damping coefficients be proportional to either the mass or stiffness

constants of the system or a linear combination of both,

The equations of motion for a proportionally damped multi-

degree-of-freedom system may be written in matrix form as follows:

5] (s} o [ {e}+ [x] ()= fro} i

where: .

Eml is the mass matrix
c is the matrix of damping coefficients

k is the stiffness matrix

e

{x} is a vector of system coordinate acceleration
t } is a vector of system coordinate velocities

x is a vector of system coordinate displacements

iF(t)} is the ciriving function

MECHANICS RESEARCH INC. ~59.
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" Now apply the coordinaté‘*“‘}tranéformation'
ix}z [¢]{“}Q | | (V.1-2)
" ‘where

[cp] is the maf?ix which transforms the system coordinates to a

and set of generalized independent coordinates, 7

R : -
- -{n j is the vector of "Normal" coordinate displacements.

Also,apply a similar transformation to the velocity and acceleration term

| {} L] {"'} o (V.1-3)
b = [e] 4} | | (V. 1-4)
if the abov‘e transformati;ns are substituted into the equations of motion we get:
Em][m]{ﬁ}+[?][m]{ﬁ}+[k][w]{n}={Fﬂ)} (VJ-Q
] -:" Now.p1-em1.11tiply (5) by [‘m]TI a;nd o.bta.in: ' | :
[T}« [TE0 0 v
LT - [ e

H

I

From the orthogonality relationship of the normal modes we

observe that :

[cp]T [ m] [(p] : EM ] the generalized n;;.ss (V.1-7)
[cp:lT]:k] [cp:] ='= [K]ﬁ szil EM] ;genera.lized stiffness - (Vv.1-8)

CEFLAE LD
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EC] = [ZQ] EKJ Ew]-l f?r Modal Dampir;g (V.1-9a)
K ' ECJ = EG;l [K] for Uniform Damping (v, 1-9b)

[C] = é-[s\] EK;‘ for Structural Da.inpi.ng (V.1-9c)

The now decoupled equations of motion become

D (s} fel{ah ] {n}-[oT{zt0}  (woroag

Premu1t1p1y1ng by EM;\ we get:

{ } EM;\ [C]{ } ["’Z;H } EMJ []TtF(t)J' (V.1-11)

. The nth equation is

[}

c
h;1+ﬁn;- Mt nn-icp {F(t).j' (V. 1-12)

V.1.1.2 Modal Damping

The modal damping term represents one "generalized dash pot" associated
with each mode of the system as‘opposed to individual dash pots connected to
- discrete points on the structure. These generalized dash pots tend to dampen
the motion of the generalized masses acting on the generalized springs of each
mode. FEach mode of the systeﬁl can have a discrete value of modal damping.
The equations of motion in generalized coordinates with modal damping are of

the form

.. . 2
nn+2gnwnﬂn+wn Mn 7 M (V.1-13)

thus, referring back to Equation V. 1-12 we can see that Ch has the value

ZgnKn
w
n
i and
o Cn - ZCnKn - 2¢ w
- T ———— n n
M, M, Wn

MECHANICS RESEARCH INC. =bl-
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V.1.1.3 Modal“"‘Extract;ﬁ"'bn

The preceding moda;.'i analysis is predicated upon the ability to extract

sets of orthogonal modal vectors, {cp ns frorp the undamped homogeneous
equations of motion. For this analysis we have used the "Householder-QR"
technique. This technique consists of Householder's method to form a tri-
diagonal dynamical matrix. Roots and vectors a;re subsequently found by

application ‘of a QR iteration.

The homogeneous, undamped equations of motion are obtained from
S Eqguation V.1-5 and rewritten as:
2 (1 _ _
[k] - wp™ [ml| joja = joO (V.1-14)
where:

[k} is the symmetric stiffness matrix (known)

[ m | is the diagonal mass matrix (known)

wnz is the nth eigenvalue (unknown)

0 }n is the nth eigenvector (unknown)

Prior to the applicai::i.oh of the "Householder-QR" method, zeros are eliminated
from the [ m ] matr:ii: bjf i:ransformation technigques. These transformation
techniques express the dependency between the "zero-mass" equations and

the '"mon-zero-mass” equé,'tic_)n'é. By this method, the order of the resultant

problem can be reduced significantly.

v.1.2 Results ; | o
Modal analysis was ﬁerformed for each of the three Traffic Signal and Lighting
Standards usiﬁg the ﬁouseholder-—QR processroi? MRI's STARDYNE Structural

. Analysis System, Tiﬁe models described in Sec‘:tion,II of this report were used
for this analysis; ‘E'I‘a.blesa.V—l, V-2 and V-3 sﬂow for Traffic Signal and
Lighting-Staﬁdafd; Types XXI, XIX, and XXVI, respectively, the generalized
results of thé first 12 normal modes for each structure. The participation

factor, y,, corresponds to a generalized force for base motion acceleration.

' MECHANICS RESEARCH INC.  -t2.
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Yy is calculated as follows:

L n,
'Yn = i ml in ,
P
m; ® in
i
where - m; = the mass associated with the ith DOF
) ®%in = the normalized mode displacement of ith DOF
‘ - and the 2™ mode
_ L m; cpz-m = the generalized mass

1

It is a quantity not used in the response solution discussed below, but it gives
good insight into the importance of each mode. Appendix A contains a complete

tabulation of these i‘nodal vectors.
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Mode
Number {cps) Weight (lbs) Y1 Y2 Y3
1 .698 115.9 .000 |1.,341. | .000
2 . 742 225.6 . 854 .000 [|-.420
3 1.584 154.7 .914 . 000 . 643
4 2.205 105.4 ©. 000 . 901 . 000
5 7,341 167.6- . 611 .000 {-.041
6 7.381 191.0 . 000 . 574 . 000
7 13.178 54,7 . 000 411 . 000
8 13,525 52.1 -. 492 . 000 . 558
9 '20. 840 191.8 .000 | -.371 | .000
10 .21, 866 172.0 -. 377 .000 [-.154
11 37.788 129.0 -, 280 . 000 |-, 080
12 37.912 118.2 .000 | -.291 . 000
Table V-1 Generalized Modal Characteristics Lighting Standard Type XXI
Mode Frequency Generalized
Number {cps) Weight (lbs) Yi Y2 Y3
1 1.041 279.8 .000 }1.573 . 000
2 1.079 309.1 -.980 .000 (1.036
3 1.500 133.9 . 000 .184 . 000
4 1.596 128.7 -.175 . 000 . 067
5 2,828 497.1 1.124 . 000 . 380
6 3.113 264,77 . 000 |1.151 . 000
7 6,492 276.9 .000 [-.114 . 000
8 6.880 362.9 . 041 .000 |-.416
9 8.875 664.9 -. 614 .000 j-.240
10 10.394 1127.3 . 000 . 027 . 000
11 11,640 96.0 . 000 [1.013 . 000
12 116,207 46, 3 -. 699 .000 | .058
Table V-2 Generalized Modal Characteristics Traffic Signal and Lighting
Standard Type XIX
Mode Frequency - Generalized
Number (cps) Weight (1bs) Y1 Y2 Y3
1 - . 809 ' 251.3 .000 | 1.875 . 000
2 - 1.060 318.4 -1, 163 . 000 |1.355
3 © 1.554 105.2, .000 | 1.406 . 000
4 1.735 . 107.2 -. 137 . 000 . 353
5 2.627 257.7 1.666 . 000 }-. 059
6 2.664 511.4 .000 1.109 . 000
7 4.158 522.5 . 000 .558 . 000
8 6.943 582.8 1.190 . 000 .674
9 1 9.177 549.3 .000 | -.159 | .000
10 9.847 2129.6 . 600 .013 . 000
11 10. 361 284,6 . 581 . 000 . 150
12 11,717 366.8 -.291 .000 [-.521

Table V-3 Generalized Modal Characteristics Traffic Signal and Lighting
Standard Type XXVI

' MECHANICS RESEARCH INC.
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V.2  Dynamic Random Gust Response
V.2.1 Analytic Method

The random loading associated with a gust environment gives rise to the
requirement for power spectral density analysis procedures. As an initial

step the spectra of wind velocities is defined (Reference IIL. 7) by the following
equation (evaluated in.Section III. 3).

- 2

4KV *
Svi = — s —
. i [1+x"]
| Where: :

x = 40001

= ——F—Vl
f= Frequency in cycles per second
Vy = Mean hourly wind speed at 30 ft
K= Drag coefficient at 30 ft.

A basic assumption is that all poinis on the structure are completely correlated.
That is, the gust excitation affects all points simultaneously with equal magnitude,
Inserting the gust excitation into a standard response solution for a multi-

degree-of-freedom system (Reference V-1) and using Parseval's theorem to

transform from time domain to frequency domain, the following expression

r 2

ig achieved:
2
. R . S _{f)
YR v

> N
o} =

1 3. Mg“. Cr

This expression is based on quantities pertinent to vibration mode R and

reflects the simplifications of
1} =zero coupling between modes
. 2) zero phase anglé

3) constant values for Sy at each frequency
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Pp = Rth mode shape
th e -
g = R participation factor
. o T |
= % . Fy
Fy= Vector of forces at each node j due to unit 5, (f)
' th . -
Mp = R _generallzed mass
_ ' o th
Cr = Damping in the R mode .

= 4 x structural damping coefficient (constant)

T is the root mean square deflection Y. A value of the R.M.S. stress x at

a point can be obtained by using a matrix,

AR = l‘S_ - PR
where,

S = ‘.Ma.tx‘-ix of all elemental stresses due to unit nodal displac ements
'I'heﬁ, 7

AXR = ;Stress x due to unit mode R

Hence, sz is obtained by replacing cpYRz with AXRZ

. N > : l
Therefore, Oy = [z A}{R2 . rRé < S, :
CRa T wPomr?lox |

Fatigue life is estimated by obtaining an "apparent frequency" for the system in
its random environment. This is computed by evaluation of the number of
times that a certain level of stress is exceeded. The level of stress that is

used is o,. Hence, the "a arent frequency'' is given b
x PP q ¥y 23 y
1
1 o1 "2
: cycles per second
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N 1
R . 2 2
g5 = 2 T . f 2
1 [Z Axg” . R R . Sv(f)]
2
Cr

Ref. V-1
R=1 fr3 . My ( )

V.2.2 Results

The power spectrum of the wind loé_d calculated in Section III 3 in conjunction .
ﬁith the structural models of Section Il 2, the random response analytics discussed ‘
above,and a damping coefficient of . 05(5% of critical) were used to calculate the RMS

stresses. The RMS stresses for each structure are shown in Tables V-4 through V-6,

V.3 Vortex Shedding Response

V.3.1 Steady State Response Analytics

The driving function for the kth point of load application is:

Fk(t) = Fko sin (Wt - B) (V.3-1
where: Fko = 1s the peak force applied at the kth applied load
location,
We = is the circular driving frequency of the kth applied
load.
B = is an arbitrary phase angle related to the kth applied
load. ' |

Equation (V. 1-13) upon subsitution of Equation (V. 3-1) becomes:

n_+2¢C_w _n_ +w n_ =L F sin (w,t-8,)
n n "n 'n n no, kn " ko k (V.3-2)
My

Standard solutions exist for the relation where (for example, see page 73,
Scanlan and Rosenbaum):

. 2 _ . :
nn+2gnwnﬂn+wn nn—smwt {V.3-3)

These solutions are of the form:
N, =4, sin (ot - Yy (V.3-4)
| MECHANICS RESEARCH INC.
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2

where L 1w
An = - 2 1/2
2 2 .3-
| [(1 -2+ 20,y ] (V. 3-42)
n n

tan-lr 2¢, (—w;l"')
- ) (V.3-4b)

n : w 2

I O

Wn

Simple summation of these standard cases yields a solution to equation (V. 3-2)

Of t:h-e .‘":?
E cPkanoAkn sin (wkt - qjkn - Bk) (V.3-5)
N,= :
where ; | .. 1/w 2 |
A= n (V. 3. 5a)
n
2
w 2 We 24 1/2
s [ -2k % s (zc ol
:.i wn n
y ZC n (_")
= tan -
kn l (k2 (V.3-5b)
: N )
5 '. (.

Separating equation (V 3-5) into real (in phase) and imaginary (out of phase)

) parts: ,
— 4 i V.3-6

Mg PN ( )

= % ® 10 FroPin 05 Wign * By (V.3-7)

Mn
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N :é A kn‘FkoAkn sin Wkn * Bk)

T'Fn = Mn (V' 3"8)

The real and imaginary displacement response at degree of freedom, i,is

found as:
Re (x;) =Zr:1 Pin T]I'l | (V.3-9)
Im (xi) = z cpin n; 7(_V. 3-10)
n

Maximum displacement résponse at degree of freedom,j,is found to occur

~at a phase angle of:

-1 Im (xj)
q’ma.x; = tan [Re (XJ) ] (V.3-11)

and have a magnitude of

2
|XJ'| max = [Re (XJ')2 +Im (xj) ] 12 (V.3-12)

The corresponding consistent displacement vector at which x%j is 2 maximum

{21l in phase) is: : :
{x} - [o] {nin} . (V.3-13)

Where: o
Min = ¢ %n Fro Bun 08 (W, +B, -0 ) (V.3-14)

Jn max j

Mn

Since we do not, in general, know the phase relations, Bk» between points of

loading application, we are forced to select a set of input loading phase angles

B k» which maximize response:

wkn-’—sk_ ‘I’maxj:o : (V.3-15)
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If we assume the mode, m, dominates:

Bk max j _ lIjkrn

But, if the mth mode dominates:

‘“l"ma:}:j =V km

Hence, B, =0. | (V.3-16)

. Thus, this will be't'he\{assumption used throughout this analysis.,

V. 3. 2 Results

The loads and freque;'lci.es calculated in Section III. 4, the structural model

| data of Section II. 2, the modal vectors of Section V., 1, and a damping coefficient
of .05 were used in donjunction with the analytics discussed above to calculate
the vortex shedding stresses. The steady state vortex shedding stresses for

each structure and recurrence interval are shown in Tables V-7 through V-15

respectively,

i
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cycles a.reI 1 4 and 20 for fifty-,

- | "F'

'respectwelv For RMS stresses of the number of applied cycles for a fifty-year

g perlod is’ as follows:.

N
2

VI  FATIGUE EVALUATION

VvVi.1 Analvytic Method

The fa,tlgue lives of: the three tra.fflc signal and lighting standards were evaluated

uszng the cumulatlve damage theory (Reference 13. 14, and 15) as

follows: .
o
UF = Z (e,
i CAay
Where:
UF = Usage factor (i.e., life of structure used)

Gy =" The number of cycles at stress Intensity S
CAi = The allowable number of cycles at stress intensity, S;

The CA; terms were evaluated using the S-N diagram shown in Figure VI-1I,

and an ultlma.te strength of 58 KSI. For static stresses the numbers of applied

ten- and two-year Tecurrence interwvals,

._ : 1 |
(——-)(e 2y 0)(F) (Ref, 12)
RMS
Where
SRMS{_: 2. x max RMS Shear Stress
F= - ' I , 4, or 20 for a fifty-, ten-or two-year
recurrence intervals, respectively
- T2
; -:' { Z (sp)® _R Svg
fRMRZS.C _ (Ref. 12)
e - th
Sgp = 2 x Max Shear Stress for the R Mode
", ‘MECHANICS RESEARCH INC., 82
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(2C_V_).!S. =  Applied Load Spectrum (See Section IIL 3)
VAR A1 VR . . v
f-R = Natural frequency of the Rth mode
MR = Generalized Weight of the Rthmode *
C = Damping Coefficient
‘cpi =  Normalized modal displacement vector
1 R ' .
For steady state stresses, the number of applied cycle's,_}s as follows: »
C.= 50 y 36100 fCRIT " ‘
| CRIT ‘ : N
Where: . o
VCRIT = The critical mile wind velocity (mph)
‘R = - The recurrence interval for VeRrIT
fCRIT= The critical natural frequency used to calculate VCRIT

* This equation is based upon the engineering assumption that the contribution
to responsé is small except in the vicinity of the natural frequency of each 3

mode (there is a V for each mode). This assumption is valid for lightly

CRIT
damped systems.,

VI.2 Results
Table VI-2 shows tﬁe maximum static stress intensities and allowable number .

of cycles calculatedj;:for eacH standard for Z2~, 10- and 50-year recurrence

intervals. -
Traffic Sighal : Maximum Stress Intensity [ksi)
.g?:ng':fgtj;;gpe ‘ Z Year 10 Year 50 Year .
: Recurrence Recurrence Recurrence

: - Interval Interval Interval

e XIX - 10. 80 17. 36 24.20

L XXI 13.24 | 18.67 24,61
XXV 1 10.48 17.08 23.17 \

Table VI-2

' . MECHANICS RESEARCH INC. g
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The maximum RMS stress intensities and applied cycles are tabulated in

Table VI-3 for each standard for a fifty-year recurrence interval

Standard Type XI1xX XXI XXVI
Stress Intensity
. 247 . 233 . 203
(KSI)
C; 1172. 830, 960,
Table VI-3

The maximum,steady state, von Karman Vortex Shedding stresses and applied

cycles are tabulated in Table VI-4 for each standard for each critical velocity.

Traffic Signal
and Lighting VCRIT Maximum Stress Applied Cycles (C)
Standard Type (mph) Intensity (KSI)
# ‘.
- XIX 683 . 049 1.813 x 10°
S 7. 74 . 031 2.584 x 10°
- 14.13 .102 2.065 x 10°
XXV 11.63 . 038 2.093 x 10°
12, 42 . 067 1.064 x 105
30.82 . 083 1.277 x 10°
XXV 9.03 L111 2.065 x 107
10. 86 . 106 1.151 x 10°
15.40 . 049 1.370 x 10
* Table VI-4
The above stress intensities are less than the endurance limit of carbon
. steel (26 KSI). Therefore, none of the fatigue life of the three analyzed
. standards has been consumed during a fifty year period.
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I. ~ INTRODUCTION ‘
WEFFLS is 2 structural analysis program fo cvaluate the wind cffects 611
traffic signals and luminaire su;ﬁports.- The program pei‘forms a static
analysis, random response analysis and a stcady state dynamic anal}fsis
of von Karmen vortex shedding. The program alse performs a cumulative

usage asscssment to determine structure service life,

MECHANICS RESEARCH INC. -1-
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IL. PROGRAM ANALYTICS
A Geﬁerai

The response of the traffic signal/luminaire 15 determined utilizing finite
element stiffness mecthods of analysis. In this method the pole and arm

elements of the structure are subdivided into discreie uniform beam "elements, "
Each of these beam elements is assumed weightless and all {inecrtia) and

forces are concentrated at 'node" -points defining the ends of the beam
"elements. Wher;a poles and arms taper, 'the taper is approximated by a

series of uniform segments, °

A right handed global ctaresian coordinate ‘syst‘em is used to describe the
structure geometry. The base of the poie is assumed as the origin. Program
notation employs an X1, X2, X3 notation to describe these three coordinate
axes. X3 is a'ligri‘c':d with the pole vertical axis énd'directéd upward from the
ba.se. X2 is aiigned ;;erpendicular to the plane of pole and arm. XI1 is

in the plane of the pble and arm and directed from the base outward in the

direction of the arm tip.
The global coordinate axes are illustrated in Figure IL 1:

Local elecment coordinate axes are employed to describe beam element
end forces. This coordinate system is also illustrated in Figure II 1 for
polé and arm members. §i is tangent to the beam element, directed from

-

root to tip. and §3 are perpendicular to £ and each other. 53 is always

P

‘32 1

perpendicular to the plane of the pole and armi. For the pole, §3 is opposite
{0 X2 for fhe arms, ‘:;3 ig in the same direction as X2, Beam element end
forces employ the £ coordinate system and end A&B designations. Beam

_.end A is closest to the roof; end B is closest to tip.

MECEANICS RESEARCH INC. 2~
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The structure posse'i-:'s.ses a full six degrees of freedom at each node point.
.Translatory incrtias {masses) are assi_gncd to each of the three translatory
degrecs of freedom. Rotationzl inertias .(mass moments of inertia) are
considered only for signs and signals; and these are considered only for

mass moments about axes X1 and X2. Forces are applied and treated in a

similar fashion,

B.  Wind Force Idealization

The 1/7th power law has been used to dctelmme wind velocities versus
elevation.” The spatla.l {geographic) characteristics of winds are typlcally
reported, or normalized, by defining winds at 30' elevation. As a consequence
winds applied to the structure.are given by:

1

. .=
Where: VZ = Wind velocity at height Z (ft).

30 = Wind velocity at 30° height.

Fatigue assessments are determined by the number of occurrences of

extreme winds over the life of the structure. These are input to the program
fora 2, 10, and a 50 year recurrence level. This is similar to a 2 year

and a 50 year rain fall or earthquake prediction; e. g., once in 2 years, once in

.50 vears,
Static wind drag forces are applied to the structure utilizing the relation:

=L -2
D=3 Cp,va

Where: D = drag force {lbs)
Cp = input drag c?efficie_nt gdin1gﬂ510nless)

p = air density {stored in program)

V = wind velocity at elevation of element (computed)
A = projected area of contributing member to the loaded
node (computed)
"MECHANICS RESEARCH INC. -4-
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A similar approach is employed for random dynamic winds., The velocity
spectrum for winds is derived from a study of 90 strong-wind spectra,

Section III. 3 of the basic report pi—ovides a detailed summary of random

‘response analysis techniques.

' Von Karman vortex shedding phenomona induces steady state oscillations

of the structure perpendicular to the wind flow. The magnitude of this
. N
applied force is:-.

Fp =q ACk sin 2m{ t

Where: F, = the force applied to the structure

K
q=. dynamic pressure
1 2
= '-2—" pv
Ck = the Von Karman coefficient
f =  the vortex shedding freéuency. {other terms have been

previously defined)
C. . Static Stress Analysis
Static analysis uses the direct stifiness method of structural analysis.

The mathematical model is defined by the matrix equation

{1 K] a} ='_ {Fi

-

Where:
[ K ]= stifiness matfix .(known from geometry and materials
data input) |
{6 } = displaccﬁ;ent vector (unknown)
tF } = external load vector (known from winds data input & geometry)

" Having solved for the unknown displacements, - { 61, the internal loads on

the beam elements }l"; ; are found using the associated element stiffness
matrix, [K].. Associated stresses are computed by simple strength of

materials relations: P/A, Mc/I, VQ/It, Tc/J.
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W EFFLS has the ability to analyze both circular and non-circular cross-
sections; however, stress analysis is performed only for circular cross-
sections. For non-circular sections, WEFFLS reprints element loads in

the stress print segment.

Procedures for use of non-circular cross sections are not enﬁirely obvious
and thercfore requiraz some additional explanation. The only data entry point
for general non-circular section data is within the "Non-circular Brace Data"
(BRAN). As a consequence the follo\vin_g input steps are taken to input all_
non-circular section data: )

1. Input material and geometry (Nodes) as usual,

2. Input noﬁ-zero "dummy'' data for the pole, if non-circulaxr.

3.. Input arm, gign luminaire and brace data as usual, if circular

sections.

4, Input BRAN data for all non-circular scctions.

The above described treatment of non-circular sections applies to all forms

of analysis: static and dynamic.

D, - Dynamic Azzé;l\rsis o

The modal superpos_ition method of dynamic analysis is ernployed within
WEFFILS. The detaiiled methology is described within Section V.1 of the
basic report. In eséfa.nce' the total dynamic response of the structurec is
obtained by summing the individual responses of certain orthogonal functions
of the structure. 'Iilese orthogonal fﬁnctions are termed "normal modes"

of the structure and are characterized by an associated natural frequency

‘and normalized displacement configuration, or normal mode. The total

deflection response of the structure is given by: .

Where:
lx(t)l = a vector of time dependent displacements of the structurc
lol-= a matrix of orthogonal modes, determined from the
properties (stiffness and mass) of the structure
E'ﬁ{t)l‘ = a2 vector of time dependent generalized displacement
| MECHANICS RESEARCH INC. “b-
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coordinates, dctermined by the various response
solutions for the specific dynamic excitations

imposed upon' the structure,

The normal modes of the structure are detcrmined from the mass and
stiffness properties of the structure using the Hous cholder-QR transformation
procedure. The program presently computes and processes 12 normal modes

in all response ¢calculations.

Stresses are obtained for dvnamic respenses in a way very similar to

that used for statics as described in Section IL 3 of this document.

E. Fatigue Evaluation

A gtraight forward linear cumulative damage assessment process is applied

. to determine consumed useful life of the structure:

UF = Z < o '
= 4t Ui '

Where:
UF = ' Usage factor (ratio of useful life consumed)
Cis= Number of cycles at stress of Sj o
CAj '-: . Total number of allowable cycles at stress of Sy

as determined from an S-N diagram.”
A comprechensive discussion of fatigue procedures is contained in Section VI

of the basic report.
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I, PROGRAM OQRGANIZATION AND STRUCTURE
WEFZFLS is designed to run-as an unsegmented in~core prozram reguiring

three external scratch files. It is logzically segmented ints Isur parts and

oo, - . cy e I
could be overldy‘.d ii core requirements exceed that availzble,

The program was develcped and the example problems execuied ona CDC
6600 compute-r. Core reguirements and arithmetic accurzey will cilfer

from program exccuiion in an, IBf.i 320-553. To maintain zccuracy, double
precision arithmetic is L.='*é in matrix multiplication and in ths extracting

-of eigenvector and eigenvalves. -

A, - Core Requife:n nTs _ - - .
Lz.a.beled beﬂmon : 31", 200
Program Object Code 12,100
Systern Objeét Code | 230 :
: .‘ 43,530
.B.' Flow Diagram

The Flow Diagram is shown on the following pages.

" C. Program Descripzion

1. Labeléd Coxfnrnon

The major core requirements of WEFFLS depend upon the number of
joints and members alloueu in the structure. In the descriptions of labeled
common, the core reqti ed will be indicated as varying so that the programmer

desiring to alter the program's size capability can use this description as a

In t,he' current version of WETFLS:
N =% of unrestrained joints = 20~

]

M= £ of members = 40

1. See Table 1.

 MECHANICS RESEARCH INC. -8-
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Common

/STIF/ Used for developing the structurc stiffness matrix
and for storing the modal stress vecior
CAK(N,N) , AL(N,6), AM(@N)
/EIGN/ Used in computing and storing the cigenvectors
(BETA), eigenvalues (OMEGA) and generalized mass GM _
BETA(N, N), OMEGA(80), GM(MS) '
Where MS .:;nurnb_er of mode shapes used in computations
S 2 | : :
/SKRACH/ A skratcharray used throughout the program
SCRTH(N, 4)
[IAM/ Member connectivity, 1ne-3mber iJrOPérties and joint
coordinates |
| CIM(M), JTB(M), AQM, 10), X(N+2,3)
/CONST/ Problem constants and heading information
/I0/ Input, output parameters )
IMRAG/ Nras coefficiont data
2. Program and S-ubproéram Descriptions _
WEFFLS - The main program prints header information, reads
N and prints input data, glenerates joint coordinates,
sets up member properties, forms member stiffness
matrix and static loads and computes joint displacements.
STRES is called to compute static 1ne1ﬁber stresses and
store them on tape 10.° WEFFLS then calls STEIG,
RANDMR, SST, and UFACT for the remainder of the
analysis. Tape 8 is used as scratch storage for the
stiffness matrix, .
Subprogram to compute the eigenvectors, eigenvalues

STEIG -

Description

and generalized mass of the structure. Twelve mode
shapes are retained and printed. Tape 9 is used as a

scratch tape,

MECHANICS RISHAROH INC. ~9-
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R.A\‘D\ R -

S5T -

GFACT -

Subprogrzm to compuie and print the random responsc

th

tresses and store thery on Tape &0 STRZS is called
to compute.the m oc*al stress vectors and siore them
in /STIF/AK. '
Svbprogram for the computation of steacy state
deflections and stresses. SST finds tne critical
modes and critical velocities and calls STZADY to
compute and print the deflections. STRES computes,

prints and stores on Tepe & the dynamic member stresses.

Subprogram to find and print the structure usage factors.

If the life of the structurc exceeds 100 years the specific
value 1s not printed. MAaximum member chear stresses
and their associated applied cycles are outputed for random

response and steady state usage factars czlculations,

The following subroutines are listed in alphabetic order: -

BMSECT -

Computes beam stress properties for circular and

rectangular beams for use in member stress computation.

CDRAG - ' Find the drag coefficient for a circular member

CVCK - = Ca.lcula{es the von Karman coefiicient for a given
‘Reynolds number. -

EIGQRZ - Compac:s the dynamical matrix into a tri-diagonal
form. (Householder algorxithm) -

ERROR - Prints error messages and stops execution

VVEX'IRCT - Forms the dynamical matrix and calls HSHLD3 and
EIGQR2 for the sclution of the eigenvectors and eigenvalues.

HSHL_DS - Cbmpac s the (:15 nanucal matrix into a tri-diagonal form.

) {(Househaolder aloronthm) - ‘

INTRP - ‘Perform interpolations of linear - linear to log - log.

MATINV - Computes the resultant matrix [A-1] - { B }, given [A]
and [B]. '

PLACD -~ | Computes the drag coefficient for a traffic sign or signal.

I\EECL{ANICC' RES EABCT‘{ ING -10-
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RESIPON -

SDRAG -
SHRMAX

STEADY -
STFMUL -

STRES -

STRIX5 -

SWL -

Calculates the amplitude and phase angle given excitation
frequency, natural frequency and d_anapirig for steady- |
state deflections,

Find the drag coefficient for a rectangular mcember.
Find the maximum shear for circular and rectangular -
members. |
Calculates the strucﬁural dynamic for multi-point

steady state cﬁ{ci_i:é.tion.

Matrix multiplication rouiline. Uses double precision
arithmetic. |
Computes, prints and saves on tape the static and
dynarnic'-]nember stresses giveﬁ joint displacements.

Cofnputes the modal stress vector and stores it in

/STIF/ AK(M?%*8,MS)

Where M = # of members
MS = § of mode shapes
Computes each member stiffness matrix Z-:Lnd adds it
to the structural stiffness matrix
Calculates the static wind force on the traffic signal

and lighting standard given a maximum wind velocity.

Reqguired system library routines:

DBLE - Single to double precision conversion
EXP - Exponentiation
SINCOS - Sin, cos functions
SNGL - Double to single precision
" SQRT - Squarec root function |
I‘«EECI‘IANZCS RESEARCH INC. -11-
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Main Program
and
Static Analyésis S
Eigenvectors
WEFFLS | = acnd . RMS Steady-State Usage
STRIXNS Eigenvalues Stresses Stressecs Factor
MATINV '
 STRES
ERROR —_— S B S B —_—t
STFMUL STEIG RANDAIR SST UFACT
SWL ~ EXTRCT B RESPON  SHRMAX
CDRAG HSHLD3 © (500} STEADY
SDRAG | EIGORZ CVCK
PLACD '
INTRP (1400)= (500)% (760)%
BMSECT
(9000)+ o - -

Table 1 - Program QOrganization and Core Requirements

#*Note: Object Code Lengihs are rounded up.to nearest hundred words

MECHANICS RESEARCH INC. -12-
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Ouiput

Jeader

Read
Input

Gencrate

Structural —

Properties

‘ Output

Properties

Build load Compute
Output Find 1 Matrix & P
' . . || Structural
Static Static Compute SHffn
Stresses Stresses Displace- ©58
Matrix
ments .
Extract Output & save
Eigenvectors & 12 modes
Tape 10 Tigenvalues shapes ]
Find RMS
. Bave on C'a"lc.ulate and L.oads for Form Modal
Tape 9 print RMS Members Stress [
Stresses (Signs,Signals Vectors '
& Luminaires
- o Fmd critical Compute Find and print
:;l;lojfiiiand 1 steady-state [ ‘dynamic
¢s deflections stresses

Flow Diagram

MECHANICS RESHARCH ING. ~13-
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Find &Print
steady state

 IMAXSHEAR

and applied
cycles

Find RMS
Usage FFactors

RMS AMAXY
—ISHEAR and

Applied

Cvyvcles

Find & Print

Find Static
Usage Factors

Find’ stéady

state usage
factors

ClibPDF “wwww.lastio.com

Add member
— usage factors
and output table

Life of
structure=
50/ {max.

total membe
usage factor)

Flow Diagram (Cont.)

MECHANICS RESEARCH INC.  -14-.
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Iv, USER INPUT INSTRUCTIONS

A, Description Card

This card may contain alphanumeric (BCD) information in columns 1-80

which should describe the model being analyzed.

B. Material Property Data (A4, 4X, 3F8. 0, F4, 0, 814, F8. 0)

4 8 16 24 32
MATL P/ E PR - RHO
P i, ’//A .

. ‘ Where: The word MATL should appear in columns 1-4
I = Modulus of Elasticity (ksi)
PR = Poisson's Ratio

RHO = Weight density (lbs/ins)

36 40 44 48 52 56 60 64 68 76

SA S1 s2 | s3 | s4 S5 sb | 87 58 DAMP

SA = Material Allowable Strength in ksi

© QT = Mawimm stvees {in ki) for a fatigue life of
101 cycles {S-N cycle data)
DAMP = Damping Coefficient

C. Nodes (4X,14,2F8.0)

8 16 24
N X1 X3

Where: N = Node Number - Node numbers must be in
| numerical sequen-c:e. If node numbers are

omitted, node points will be generated at equal
intervals along a_stra‘ilg-ht line between the defined
node points. The pole portion of the light standard
must be numbered qonsecutiveiy from the base
to the tip. The luminaire and signal arms must
also be numbered consccutively. The basc node of

the pole must always be node number 1.

MECHANICS RESHARCH ING. ~15-

ClibPD www . fastio.com


http://www.fastio.com/

Xl,k3= Node Coordinates (inches) - X3 is the vertical
location of th¢ node and X1 is the horizontal
location. The origin of the coordinate system is
always tl:lc base of the standard.

D.  Pole Data (A4, 14, 478, 0)

4 8 16 24 32 40
POLE /| NT |BOD |BTH | TOD | TTH

'\\*"nere:_' The word POLE should appear in columns 1-4,
NT = Node number of pole tip. The program assumes
| the base of the pole to be node number 1. Thus
the pole will be made up at the following bars:
1-2,2-3,3-4,...,(NT-1)-NT.
BOD = OQuter diameter (inches) of the pole at node 1.
BTH= Wall thickness {iaches) of the pole at node 1.
TOD=  Quter diameter (inches) of the pole at node NT.
_ T'Ii—i‘= Wall thickness (inches) of the pole a2t node NT.
Pole_. outer _'t_;’zian"le_i?er and thickness at the pole nodes will be calculated

by a linear interpolation of the properties at node 1 and NT.

E. Arm Data (44, 414, 4X, 4F8. 0)
4 8 . 12 16 20 24 32 40 48 56
ARMM |AN |NP |NF | NT 7//)509 BTH | TOD |TTH
Where:

ARMM= The word ARMM should appear in column 1-4
AN = Arm Number., In monotormically increasing order

commniencing with one. (maximum eof three)

NP = Pole node number to which arm is attached.
NF = Node number of {irst node.

NT = Node number of the arm tip

BOD = OQuter diameter (inches) of arm at node NP

BTH = Wall thickness {inches) of arm at node NP

TOD = Quter diameter (inches) of arm at node NT
TTH = Wall thickness (inches) of arm at node NT
MECHANICS RESEARCH INC. -10-
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The program asswmes the arm to be made up of the following beams:
NP-NI, NIF-{(NF+1), - (NF+I)5{NF+Z), cevy (NT-1)-NT. The cross-
scction propertics of the arm nodes will be caleulated by a linear

interpolation of arm base and tip properties.

I, Sign and Signal Data (A4, 214, 123, 4F8, 0)

4 - 8 12 32 40 48 56

24
SIGN | sN N M A B |WT |[DEL3

Wheore:

SIGN = The word SIGN should appear in columns ]-4
- SN = Sign-signal number. In monotornically increasing

order commencing with one. (Maximum of 5)

N = Node number to which the sign or signal is attached.
ﬁ = Sign or signal dimensions (inches)
l—A— |
Y
v
L : ¥ .-
WT = Weight (1bs) of sign or signal

DEL3= Vertical distance (inches) of the CG of sign or

signal to the node (i.e.

1

G

Node

: I ‘{DEL3
C.G. Slgn_ﬁ__g}eia—u-——’- w3

. or Signal :
. - l 1
R | XL-::J

G. Lur_nina_ir_e Data
E A 12 24 32 40 4§
LUMN //////.N 7///A Al A2 WT
Where: :

LUMN= The word LUMN should appear in columns 1-4
N = Node nﬁmbcr to which luminaire is' attached

Al = Luminaire area (inz) in the X1-X2 plane

MECHANICS RESEARCH INC. .17
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A2 =

Luminaire arca (in?‘) in the X2-X3 plane
VT = VWeight (lbs) of luminaire
H, . Circular Brace Data (A4, 314,84, 2F8.0)
4 8 12 16 24 32 40

BRAC | Ns |nNa [N (70 & ] B

Vhere:-
BRAC = The word BRAC should appear in columns }-4
NS = Brace number - '
NA ) : .
NB = Node numbers to which the brace is attached
A= Outer diameter of circular brace
B=.- Vwall thickness of circular brace

I, Non-Circular Brace Data (A4, 4X, 314, 4X, 5F8.0) .
4 8" 12 16 20 24 32 40 48 56 64 72
? ] ) vy
l BRAN.%,/ NA |NB NT&’PEMA B |12 |13 I | AR

- . s _/‘/ 1. Vs .

Where: . '
BRAN = The word BRAN must appear in columns -4

= Node numbers to which the non-circular brace is attached

ClIbPDF - wyvw.lastio.com

NB

NTYPE=Cross section type for which there must be 2 set of

o o>
noon

1=
Iy =~
J=
AR_;
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D)

drag coefficient data
1 <NTYPE < 3
Cross sectional dimension in X1-X3 plane

Cross sectional dimension perpendicular to the X1-X3
plane _ 7 - _ l
Moment of inertia about fi}e £ 2 axis {see below) ~
Moment of inertia about the £3 axis (see below)
Torsional Moment

Cross sectional area


http://www.fastio.com/

The £ axls is perpendicular to the longitudinal axis of the member,

NA-NB, and is perpendicular to the plane X1-33, of the light standard.

The £ axis is perpendicular to the longitudinal axis of member,

'NA-NB, and is in the plane, X1-X3) of the light standard. The-

orientation of the g; & £3 axes are further identificd in the following

sketch: AXB‘
. ~ ) ”5‘
¥ T T
-7 NB ﬁL
- tAEZ/"-__'&‘ Xz
X1
J. Wind Data (A4; 20X, 6F8. 0)

4

32 40 48 56 64 72

24
WIND W V2 G2 V10| G10| V50| G50

Where:

WIND = The word WIND must appear in columns 1-4

V2 =

G2
V1o

it

G10
V50

G50

i

f

Maximum mile wind velocity* (mph) for a two year
recurrance level

Gust factor for V2:H

‘Maximum mile wind velocity* (mph) {for a ten year

recurrance level

Gust factor for VlO**

Maximum mile wind veloéity=5= (mph) for é fifty'yeall'
recurrance level,

Gust factor for V50

#* FFor an clevation 30 fect above ground

#%CGust factor to be multiplied times the mile wind velocity to find the maximum

wind velocity,

MECHANICS RESEARCE INC. 19
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' Appendix B
K. Dra« Coefficient Data

This data must be included if non-circular brace cross-sections are used. There

must be one set of drag coefficient data for cach NTYPE 21. (Maximum of 3).

- 4 8 12
| DRAG|NTYPE | N |
"Where: : : '
DRAG = . The word DRAG must appear in columnas 1-4
NTYPE = The cross-section type (1  NTYPE < 3)

N = Number of data cards to follow

Card 2 (2E8.0) |

[REYN | GDN]

I=1, N
Where: -
' REYN = | Reynolds number )
CDN = Drag Coefficient
L. Strcsls Concéntration Factor Data

Omne card is input for cach bar that has any non-unity stress concentration
factors. Only those values that are to be reset need to be entered on the card.

(4%, 14, 8F8, 0)

g 16. 24 32 40 48 56 64 72
i)l NB |axIAL] TORSION] M24 [M2B| M3A] M3B | v2 | V3 |
Where: ' : ' -
NB = Bar number stress concentration factors

R ~ AXIAL= Axial
BEAELI. TORSION =  Torsional

MZA = ‘Moment about axis 2 at end A (ref, Fig. 1.1 - page 3)
MzB = _:I\{oment about axis 2 at end B
© M3A.= " Moment about axis 3 at end A
M3B = Moment about axis 3 at end A
Vi = Shear in the 2 axis direction
V3= Shear in the 3 axis direction
M. END Card

This card must be the last card in the data set.
X .

. MECHANICS RESEARCH INC,  -20-
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V. EXAMPLE PROBLIMS

Example Input

The following is an example of the data mput nccc.c_d to analyze thc specified

traffic slqnals aud lighting standards using this computer code,

These examples correspond to the three cases solved in the basic report and

include analyscis-input for standard types: XI¥, XXI, and XXVI.

MECHANICS RESEARCH INC. -21-
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